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PART IV. 
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CONTAINING . j -.. 

The ttefcription and Ufe of thfe Cbee** Ial 

andTekR tstftiAL Globes, Maps, 

and Planispheres, 

DIALOGUE L 

The Defeription of the Celestial Glo^e, tfnd Mi' 
PunhiTOo. 

AS our laft Convcrfation finished our Speculation on 
the Atmofphere, we are brought, by our propofed. 
Method, to a View of the a^ificial Globes.— And that 
Nothing may be wanting to give you a perfe& Idea of 
the moft wonderful and obvious Parts of Nature, I mean, 
the Frame and Confutations of the Heavens and the 
Ear*, and all their fenfible Motions and Phenomena ; 
I have provided a Pair of Globes for that Purpofe, 
twenty- eight Inches Diameter. — And here they are 
This is eatted the CtMialGlobi^ and that the Terrtfrial*-* ' 

Euphrof I am infinitely obliged to you* Ckamcns $ for 
the Cafe ahd Trouble you have on my Account.. »■ * 

Vol, If. B They 



* the young Gentleman 

They arc very beautiful Things indeed ! And I queftiort 
not bttt they are of equal Ufe. As we cannot con- 

fider the Ufes of both at once, pray which do we begin 
with? 

Cleon. The Celejlial Globe, my Euphrofyne, for that 
remains to finifh our practical View of the Heavens. - • 
We at firft contemplated the Theory of the Mundane 
Syjlem — then we took an aflual Survey of the fever al Bodies 
which campofed it, and their Motions* by the Telefcope ; 
— after this/ we affayed the Doctrine of the Sphere ;— and 
then confidered, under a more immediate View, the 
various - Motions^ and AffeR *ions of the Heavenly - Bodies^ in 
themfelves, and in regard of each other, in the Orrery 9 
and now it remains, that we contemplate the fame 
Thing in regard to the Earth (or its Inhabitants) only, 
which is to be done by. t]t& Celejlial Globe ; whofe Super- 
ficies reprefents the conflellatcd Canopy of the Heavens* and 
its Rotation ab^ut its Axis, the apparent diurnal Motions 
of the Sun, -Moon, and Stays.— — And hence this Globe 
has the Name Celijlial. 

Euphrof I nfuft wait till you are more particular in 
the Ufes of this fine Inftrumcnt ; — at prefent I obferve 

moft-cfttre Circles of the Sphere upon it, and feveral 

Figures of Men 9 Women, Horfet, Dogs, Serpents, Fijbes 9 
Crowns, &c. painted tKereon, which, I fuppofe, are all 
fignifiqant, whenunderftood. — 

Cleon . True, Sifter ; here are all the Circles of the 
Sphere ; and it is little different from the Sphere, in any 
Thing more than having, a continued Surface, and the 
Conflellations painted thereon. . 

Euphrof Yes, here is this broad Horizon, with fete 4 * 
ral Circles upon it— pray, what Circles are they ? 

Cleon. There are five Cycles on the Horizon, viz. 
(i) The inmoft, or that next the Globe, is the Circle of 
Amplitudes or Azimuths* and divided each Way from Eajl 
and Wejl, towards North and South, into 90 Degrees. 
(2)' The Circle containing the 32 Points of the Compafs. 
(3) The Calendar of Months and Days, according to the 
New Stile. (4) The Zodiac, with the Signs and Degrees 
of the Ecliptic, adapted thereto. (5) The Calendar for 

the Old Stile adjufted to the Ecliptic ; the Ufes of all 

thefe you will fee more particularly hereafter.-^— 

Euphrof. 
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Euphrof Very good, Cteonicus : and as to the other 
Circles on its Surface ; the Equino&ial, the Ecliptic, the 
Tropics* and Polar Circles, I (hall trouble you with no 
Queftions concerning them, having had a perfedl Know- 
ledge of them from the Sphere. — But thefe other Circles, 
which run athwart and crofs the Globe, and cut each 
other, what aiethey? 

Cleon. They arc of two Sorts, viz. Circles of Longitude* 
which pafs through the Poles of the Ecliptic, and there- 
fore at right Angles to the Ecliptic ; of thefe there are 
12, which terminate the 12 Signs ; and divide the Surface 
oftheGldbe into 12 equal Parts; thefe equal Parts in 
the Heavens were called the Celeftial Houfes by Ptolemy 
and other ancient Aftrologers. The other Sort are tailed 
Circles of Declination ; thefe all pafs through the Poles of 
the World, and cut the Equinoctial at right Angles at 
every 30th Degree; they are alfo 12 in Number, and 
divide the Surface of the Globe into other 12 equal Parts, 
which were in the Heavens accounted the 12 CeUjiial 
Hou/es by that Aftrologer, but other Aftrologers in after 
Times invented other Divifions of the Heavens for their 
Houfes, as their Fancies and So perdition fuggefted. 

Euphrof How came they to call thefe Divifions 
Houfes? And what did they intend thereby? 

Cleon. In ancient Times, when the World was very 
ignorant, Superflition was all the Faihion ; and Impofture 
a venerable Thing. Then was the Time for the Men of 
Front ; they invented Schemes and Figures of the Heavens 
to amufe and furprife the Vulgar, making them believe 
trie Stars were the very Ministers of Fate, having z 
governing Influence over all Things below Hear how 

folemnly Manillas talks on this Subject 

When Nature order 9 d this vajl Frame to rife* 
Nature, the Guardian of thefe My ft tries, 
And fatter 9 d lucid Bodies o 9 er the Sk>es ; 
When jbe the Concave, whence direclty fall 
Streight Lines of Influence round the/olid Ball, 
Had fiffdwith Stars ; and made Earth* Water* Air* 
And Fire* each other mutually repair ; 
7 hat Concord might thefe differing Parts contraul* 
And Leagues of mutual Aidfupport the Whole ; 
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That nothing which the Sites embrace might hi. 
From Heavens fupr erne Command and Guidance fret, 
Long time Jhe thought, then bung bis Fates on Stars, 
Theft Stars, which plac'd i'tfr Heart of Heaven difplay 
The brigbtejt Beams* andjhare the greatefi Sway % 
Which keep a conftant Courfg, and now reftraix 
The Planets Pow r, now yield to them again : 
Thusfometitnes ruling* fonutimes ruTd, create 
Thejlrange and various Intercourfe of Fate. Lib. III. 
And every Thing of this Kind was (acred which they 
feid ; yea, fo credulous were the unthinking Vulgar, thai 
Nothing could be advanced too monftrous and ridiculous 
for them not to belyrvc. Thus a modern French Aftw 
loger is gibed by Hudikras — 

Carcfon belieifd great States depend 
Upon the Tip o' tb' Bear's Taits Bnd\ 
That as Jhe w$ % dit towards the Sun 9 
Straw' d mighty. Empires up and down. 
And as to the Impofturc and Nonferrfe of ancient Soeth- 
faycrs y fee it merrily ridiculed in his 3d Canto of Part II. 
But we make too long a Pigreffion, were it not that fa 
impious and fcandajfous a Pretention cannot be too much 
ridiculed and exploded.-*-. 

Euphrof. I do not understand Aftrology, and if its 
Pretenfions are fuch as you infinuate, it mud indeed be a 
vain and prefumptuous Thing, and borders very nearly 
on Blafpheroy. — But to the Subject of the Globe ; what 
are thofe various Figures of Men* Boa/is* &c. on the 
Surface, and why are they painted there f 

Clem* They are all imaginary Beings, and have their 
Exiftence no where but on the Surface of the artificial 
Globe : they were contrived for the fake of Memory and 
Contprebenjim ; and are of very great Antiquity. For the 
Stars appearing, as it were, confufedly dhTeminated or 
ftqewed over the vaft concave Expanfe of Heaven, could 
not without fome Artifice be well comprehended by the 
Mind, or remembered with refpeft to Magnitude and 
Situation.. To have given Names to each Star, would 
have been too great a Burthen to the Memory: and to 
reduce them all to Catalogues, and point then* out by 
their Places, was a Work of Ages, ,as 1 have feftwed you 
before. The only Expedient, therefore to facilitate the 

Knowledge 
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Knowledge of (he Stars, was to confider and diftribute 
tbem into various Companies, or Collections, and the 
better to fix the Idea of thefe in the Mind, they invefted 
them with the Figures and Chara&ers drawn from Men, 
fieafts, and Things, as would beft fit and fuit with each : 
And to thefe they properly gave the Name of Conftellations, 
or Ajlerifms\ and painted them on their Globes and 
Machines. Concerning which, thus ManiHus. 

Now Conftellations, Mufe y and Signs rebearfe, 
In order ; let tbemfparkU in thy Verje j 
Thofe u hi cb obliquely bound tbe burning Zone, 
And bear tbe Summer and tbe Winter Sun, 
Thofe firft : Then tbofe which roll a different Way 
From Weft : Nor Heaven's diurnal Round obey % 
Which Nights firene difclofe, and wbich create 
Tbefieady Rules* and fix the Laws of Fate. 

Book I. 
Euphrof. How many Conftellations are there in all ? 
Cieon. Tbeyare reckoned 56 in Number; viz. 12 in 
the Zodiac ; 29 on the North of the Zodiac \ and 25 on 
the South Side thereof. 

Eupbref. What are the Names of thofe in the Zodiac f 
■ Cieon. The very fame with the Names of the Signs ; a* 
Ariei, Taurus, Gemini, &c. which you know very well 
already. 

Eupbref. I do, without a Repetition; but what 

Names do thofe bear in the northern Hemifphere ? 
Cieon. The 29 Northern Conftellations, are 

1. Vrfa Minor, or the kjfer Bear. 

2. Vrfa Major ; or the greater Bear* 

3. Draco, or the Dragon. 

4. Cepbeus. 

5. Cygnus, or the Swan. 

6. Perfeus. 

7. Andromeda. 

S. Auriga, or the Waggoner. 

9. Coma Berenicis, or Berenice's Hair. 

10. Bootes. 

1 1. Corona Septentrionalis, or Northern Crown* 

12. Hereuks. 

13. Lyra, or the Harp. 

14. Aqmlacum AnUnoo; the Eagle with Antineus. 

B 3 15. D 



6 THE YOUNG GENTLEMAN 

15. DelphinuSy or the Dolphin. 

16. Equuleus. 

17. Pegajus\ the Winged Horje. 

18. Triangulus-y the Triangle. 

19. CaJJiopeia. 

20. SetpentariuS) or Opbiucbus. 

21. Lacerta; the Lizard. 

22. Serpens Opbiuchi ; the Serpent of Opbiucbus;. 

23. Zjhx. 

24. Sagitta ; the Arrow- 

25. Qr/011 raw Srtt*^ ; Ori'0/1 tw*A a Shield. 

26. Camelopardus. 

27. >f^fr «/ot Vulpecula ; the G^/f U///A /£/ /*#. 
2o. Zw Minor ; the /(^*r Zrww. 

29. Canes Venatici \ the Courfing Dogs. 

Euphrof. 1 obferve them all in the Order you have 
named them ; and more than thefe I fee which you have 
not mentioned — as that Star in the Heart there, &c. 

Cleon. Very good. Sifter; you mean Cor Caroli> or 
Charles's Hearty which is a new Sta,r, unknown to the 
ancient Aftronomers, and therefore not contained in any 
of their Con filiations. Bcfides this, there ate divers 
other Stars of lefs Note, pot reducible to any Cqnfteilation, 
which are therefore by Aftronomeis called extra-conftelbted. 
Stars. 

Euphrof. Well, now for the Names of the Con ft ell a- 
tiohs on the South Part of the Globe, CUonicus ; of which 
I think you fay there are about 25. 

Cleon. Yes ; That is the Number by fome, by qtber§ 
they are reckoned 28. Their Names are as follow, 

1 . BalenuSj or Cetus ; the Whale. 

2. Canis Minor ; the lejjer Dog. 

3. Centaur us cum Lupo -, the Centaur with the Wolf, 

4. Corona Auftralii ; the Southern Crown. 

5. Crater ; the Water -pot. 

6. Eridanus i the River fy. 

7. Monocerosy pr Unicorn. 

8. Canis Major ; the Greater Dog. 
q. Argo i the Ship. 

10. AracumTburikulo ; the Altar and Cenfer. 
XI. Grus, or the Crane* 
12. LepuS) or the Han. 
4 * 13. Pavoi 
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j 3. Pmoo\ the Peacock, 

14. Phoenix, 

15. Sextans; the Sextant. 

j 6. Triangulum ; the Triangle. 

17. Toucan, or American Gooff. 

18. iff 0tf/ ; the /m&m £/>//. 

19. Columba Noacbi ; Noah's Dave* 
26. A/i//ki ; the /ty t 

21. £<?£<?r Caroli. 

22. Hydrus % a Serpent. 

23. />//£« v*£w $ the /fyuff F/^ 

24. Chameleon* 

25. Xipbias ; the Sword-fifi). . % 

26. Crux 1 the Cra/i. 

27. Indus; the Indian. 

28. Corvus ; the Raven. 

Thefe Conftcllations, you fee, are all diftin£Hy painted 
on the Celeftial Globe, with here and there fomc extras 
conftellated Stars, as I obferved to you before. 

Euphrof. They are all fo plain, that they who run may 
read them. Pray, Cleonicus, are not thefe Conftcllations 
of very great Antiquity ? 

deem. Yes, my Eupbrofyne, for fome of them are 
mentioned in the Writings of the molt ancient Hiftorian 
in the World. - 

Euphrof. I fuppofe vou mean Job y for in that Book I 
have read of Arfturus, Orion, the Pleiades, &c. 

Clton. Yes, that is the Hiftory I mean. It is fuppofed 
by learned Men, that Job lived in Arabia, and wrote his 
Hiftory before the Time of Mofes % and therefore is the 
moft ancient of any extant j and fincc be fpeaks of the 
Conftellations fo particularly, and by the Names they- 
itow bear, it muft follow, that the Method of computing 
the Stars, and diftributing them into Companies or Con- 
ftellations, is of the greateft Antiquity of any Thing in 

the liberal Sciences. Thus Job in the xxxviiith Chap. 

makes Mention of the Pleiades, or Seven Stars , of 
Afazzarotb, or the Zodiac of the j 2 Signs, — of the Con- 
ftellations Orion and Jrfturus, and the Ordinances of 
Heaven, which he calls the Chambers of the' South, in 
Chap. ix. and undoubtedly means the Southern ConfteW 
{atiops, or Divifions of the Heavens. 

P 4 Eupbrfif. 
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Euphrof. I obferve, as I look over the Conftdlation* 
On the Globe, that forae Stars are very large, and others 
very fmall \ pray, how many Afferent Sorts or Sizes of 
Stars do you reckon I 

Clean. Aftronomers reckon Seven Degrees of Magnitude . 
in the Stars,— you fee here an Example of them all, which 
Mr. Senex has fixed on the Globe in this Row of Stars, 
gradually diminishing from the gfeateft to the lead. 

Euphrof. The largeft, I fyppofe, you call the firfi 
Magnitude, do you not ? 

Cleon. Yes, my Eupbrofyne^ the largeft Stars are 
thofe of the firft Magnitude, which you fee con G ft (on 
the Globe) of fix large, and fix fmall radiant Points or 
Beams ; by which, as well as by their Magnitude, they 
are very eafily diftinguithed all over the Globe ; as the 
Stars in the Firmament, which they reprefent, are larger* 
more feint jliant, and brilliant above the reft/ 

Euphrof. Yes, I eafily diftinguifh them from the reft 
on the Globe ; bu{ I obferve they are but few in Number \ 
and mod of them have Names 1 fee affixed to them. 
\Ckox. They are indeed bu.t few in Number; I re- 
member Mr. Fkm/iead, in his Hiftoria CaUftis, makes 

but 15 ip both Hemifpheres, but on this Celeftial 

Globe of Mr. Senex\ you tell about i£> Stars of the firft 
Magnitude. Thefe Stars are, as you obferve, fignalized 
with proper Names, as Aidebaran^ Regu , .ui % ArfluruSi 
Denebj Aftngue % Rigel 9 Sinus , AntweSs Forpahaunt % &c. 

Euphrof. As to the Stars of Uie fecond Magnitude, I 
obferve in the Sample, they have Gx^ Urge Angle Beams, 
but fomewhat lefs than the other. 

Clecn. Yes; and you obferve too. they are more 

numerous, and moft qf them withou} Names. Star^ 

of the third Magnitude are (till more numerous, and 
namelefs, — of the fourth Magnitude their Number in- 
cneafes,— and of the filth and fixth Magnitude, they in T 
oeafe very much;- — =but of the 7th they are not fq 
nvany-.'-^-The Number of the Stars of every Magnitude. 
ineachCcnftellation, are numbered in FlawjteodH% Hijtoria 
6mk/tir\ which I have tranferibed in "this Table, ^o giyc; 
yeu a rhor? perfect idea of them, 
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Num 


Magnitudes. 


1 


2 


3 


4 

94 
227 
136 

457 


5 


6 


7 


943 
1511 

547 


7 
4 
4 


II 

2 3 

20 

54 


43 
93 
56 

192 


169 
356 
145 


445 
695 
176 


174 

"3 
10 


'3001 


'5 


670 


1316 


297 



In the Zodiac 

IntbeN.Hemifph, 
In the S. Hemifph, 



Sam of all the Stars! 3001 



Euphrof. The Stars of the 6th and 7th Clafs, I imagine, 
we mud have good Eyes to difcern. 

Cleon. They are not difcernible by the bed Eyes, but 
with the Telefcope only j and are therefore called Telef* 
cope Stars, as I have before hinted.— —Yea, not one Eye 
in fifty can fee Stars of the 5th Magnitude diftin&ly ; and 
they muft be tolerable good Eyes to diftinguifli and enu- 
merate Stars of the 4th Order. 

Eupbrof. Well, I think we have talked of the Mag* 
nitude of the Stars, till the Stars of every Magnitude 
fliine very bright.— ——This js a glorious btar-light 
Night, but very cold.— 

Clam. It is always obfervable, that the colder the Night, 
the clearer the Stars fhine, if there be no Clouds. 1 can- 
not help recolle&ing fome choice Reflexions on the Stars, 
9 Gentleman made, as he obferved them one Night in a 
Journey from Patapjko to Anapolis 9 and which may ferve 
%o conclude our prefent Speculation. 

Now deepening Shade $ con ftp ttf Approach of Night* 
Imperfefi Images elude the Sight : 
Prom earthly Objefls I ream* mint Eye* 
And view with Look erecl the vaulted Sky ; 
Where dimly Jhining now the Stars appear , 
Atfirft thin-f catering tb> 0* the mifty Air ; 
Till Night confirm d y her jetty 1 krone afcends, 
On her the Moon in clouded State attends* 
Butfoon unveil' d her lovely Face isfeen. 
And Stars unnumbered wait around their 0$ueen ; 
Rang'd by their Maker'* Hand inju/l Airay % 
They march majejiic thro* tb* ethereal Way. 

Are thefe bright Luminaries hung on high 
Qniy to pleafe with twinkling Rays our Eye t 

Or 
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Or may we rather count each Star a Sun, 
, Round wbkh full peopled Worlds their Courfesrun? 
Orb above Orb barmonioujly they fieer 
Their various Voyages thrt? Seas of Air. 



DIALOGUE II. • 

Of the Twelve Constell at ions of the Zo- 
diac, with their Fabulous History, 

Eupbrofyne. 

I Think, Cleonicus, you intimated la ft Night, that we 
mould next take a more particular Survey of the 
Conftellations ; and of the Origin, Hiftory, C5\-. of each 
of them. 

Cleon. Yes, my Euphrofyne ; and To-night we'll begin 
with the Twelve Conftellations of the Zodiac \ for they 
offer themfelves firft, as being the mod confiderable and 
noted of all in the Heavens. And here we fhali imitate, 
the antient poetical Aftronomer Manilius\ who, being to 
give an Account of the Conftellations, firft rehearfes 

them in the following Lines. 

Firjl Aries, glorious in his golden Wool* 
Looks back y and wonders at the mighty Bull, 
Whofe Bach-parts firft appear : He bending ties 
With threatening Heady and calls the Twins to rife ^ 
They clafp for rear, and mutually embrace \ 
And next the Twins with an unftcady Pace 
Bright Cancer rolls : Then Leo fnakes his Mane, 
And following Virgo calms his Rage again: 
Then Day and Night are weigh' d in Libra's Scales, 
Equal a-wbile, at laft the Night prevails ^ 
And logger grown , the heavier Scale inclines , 
And draws bright Scorpio from the Winter Signs ; 
Him Centaur follows with an aiming Eye, 
Hip Bow full drawn and ready to let fly : 
Next narrow Horns the twifted Caper Jhows, 
And from Aquarius' Urn a Flood overflows. 
Near their lov'd IVaves cold Pifces takes their Seat x 
IVith Aries join, and make the Round com pleat. 

Lib. L 
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Eupbrof. Well, 'tis very pretty, to fee, as you turn the 
/Globe, how the Order, Situation, Pofture, and Attitude? 
of the Conftellatiens anfwer to the poetical Defcription. 
— — But to be more particular, and begin with Aries^ 
bow came this Conftellation by that Name and Form ? 

Cleon. Becaufe, as 'tis fuppo fed, the mod ancient Chal- 
dean Aftronomers obferving the Sun to enter this Sign, at 
a Time when the Fields and Hills were moft remarkably 
rcplenifhed and overfpread with Flocks, vaftly encreafed 
with the new Produce of Lambs, which (as the paftoral 
Life was then moil confiderable) they efteemed the moft 
profitable Part of the New-year's Produd; to fignaliae 
this Seafon, therefore, they thought fit to call this Sign, 
or Conftellation, by the Name of the Principal of the 
Flock, Aries, or the Ram. At this Seafon Pirgil ob~ 

fcrves 

— — An Hundred Lambs 
Attend with bleating Cries their milky Dams. 
And in another Place, fpeaking of the various Produfls 
pf the Spring, he (ays, 

With milder Beams the Sun fe curtly /bines * 
Fat are the Lambs y and lufcious are the Wines. 

Georg. I. 

Eupbrof. But though this feems very natural; yet, if 
J remember right, the Poets give a different Account pf 
this Matter. 

Cleon. Yes, they do fo; 'tis this Rem and his Golden 
fleece* of which the Poets tell us fo many Stories and 
Fables; the Grounds of all which are thus fabulatcd.— — 
jftbamas, King of Thebes, had, by his Wife Nephele, a 
Son named Phrixus, and a daughter named Helle \ he 
afterwards married another Wife, /no by Name, who fell 
in Love with Phrixui ; but, neglc&ed by him, (he had 
an extreme Averfion to him ; and there happening a 
Dearth pf Corn, {he perfuaded Atbamas, that it could not 
be remedied 'till Pbrixus and helle were facrificed : But 
as they (lood at the Altar, Nephele, (i. e. a Cloud) took 
them away, and gave them a golden Ram that (he had 
received from Mercury. On this Ram they fled through 
(he Air from Thebes^ and in their Flight Helle fell off into 
{he Sea, which from thence was called Hellefpontus. 
fbrixus arrived at Brixada> where, laying himfelf down 

to 
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to reft, the Barbarians were coming to kill him ; but the 
Ram awaked him, and gave* him Notice with $ human 
Voice, and then carried him to Cakhis, where he waft 
kindly received by Mta the King, who facrificed the Ram 
to Jupiter j and hung up his Golden Fleece in the Grove 
of Atarn there it was kept by Bulls, which had brazen 
Feet and breathed Fiie, and alfo by a great Dragon: The 
Ram was afterwards faid to be taken up into the a kits, 
aod made the Conftellation we ate now (peaking of 

Eupbrof. In fome fuctf^tlanner too, I fuppofe, you 
deduce the Origin of Taurus, or the Bull, which is the 
next Conftellation. 

Clepn. You guefe right ; for as Calves were the next 
conGderable Produd of the Spring, which were now 
(when the Sun entered this Conftellation) full-grown and 
fat, and led out from the Stalls to the Fields, the Altars, 
pr the Butchers ; fo the priftine Aftronomers and Herdf- 
men denoted this Seafon, by attributing the Name of the 
Bull to that Sign the Sun then po(TeiTed. And Virgil j by 
rjeafon of a Star in the Tip of each Horn, takes occafton 
to call them Golden Horns, in the following Verfes. 
When with bit Golden Horns in full Career, 
The Bull beats down the Barriers of the Year. 

Georg I. 
Eupbrof I fuppofe the Poets have a great deal to fay 
of this fabulous bull likewife ? 

Cleon. A great deal ; and very merry too, for the moft 
Part ; the Story is of Jupiter'* carrying away Europe, the 
Daughter of Agenor, King of Phoenicia^ in the Form of a 
fVbite Bull, into the Ifle of Crete, where he difcovered to 
her his Divinity, and placed the Bull among the Stars. 
Ovid relates the Circumftances of this Story very poeti- 
cally thus ! 

The Ruler of the Skies, the thuntTring God, 
Thaifhakes the fVbrtfs Foundations with a Nod f 
Among a Herd of lowing Heifers ran % 
Frifltd in a Bull, and bellow" d o'er the Phi*. 
Large Rolls of Fat about his Shoulders clung, 
And from hit Neck the double Dewlap bung. 
His Sim was whiter than the new-fall 9 n Snow, 
Small were bis Horns, audbarmlefs was his Brow: 
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No fhinin^ Terrors ftarkhd in bis Sight, 
Bui bis Byes longuifltd with a gentle Eight; 
His ev*ry Look was peaceful* and exprejl 
The Softnefs of the Lover in the Beaft. 

AgcnorV royal Daughter, aSjbe plafd 
Among the Fields* the Mttk-vukite BuH fmrveyd, 
And vtcufd his fpotiefs Bodj wtth Delight* 
And at a D [fiance kept him in her Sight. 
At length jhe pluck 1 d tht rifmg Flowers* and fed 
the gentle Beafi, and fondly ftroFd his Head. 
Ha flood well-pleat d to touch the charming Fair* 
Bvt hardly could confine ii s Pteafure there. 
And now be wantons o'er the ntrghfring Strand* 
Now roils his Body on the yellow Sand* 
And finding alt the Virgin's Fear decay' d; \ 
Comet toffmg far ward to the royal Maid% ' 
Gives her his Bweq/t to flroke* and downward turns 
His grifl) Brow y and gently floopihiiHernu 
In fhtfry Wreaths the Royal Vitgitfdreft 
Hss bending Horns, 'and kind'y ctapp* d his Brtajl. ■ ' 
Till now grown wanton, and devoid >f Fear 9 
Not knowing that jbe prgfi'd the Thunderer, 
She fhtd berfelf upon bis Bad* and rode • 

O'er Fields ana Meadows, footed on the God. 
He gentty march* d *l**gs ^d } by Df greet* 
Left the dry Meadow, and approached the Seas, -' ' 

Jrhert now he dips his Hoofs* and wets his Thighs* 1 
Now flanges in, and xarrmoif the Ptixe. 
The frighted Nymph look* b+tfward on the Shore* 
And heart the tumbling Billows round her roar :■ 
Butjtiilfbi holds himfift* with one Hand born 
Uponhis Back, wine father grafps a Horn. 
T/hffriatn of *nffli«g (rctrmen$s flies behind. 
Swells- in the Air* and bbvero Us the IVind. 
Ihro' Storms and Tempeft* lJ be t£i Virgin bore* 
And lands herfafe en the Dr&ean Shore*, 
jybore now in his divinefl Form array' d, 
hi hb trme Shape be captivates the Maid ; 
JfQoogaxas on him* and with wond ring Eyes* 
Beholds the new* maye/lic Figure rife* 
View* bib bright Features* and frit native Light* 

AndmMtbe&ddifiover'dte her Sight. 

Mctam. II. 
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Eupbrof. This Bull makes a very confiderable Figure 

in Poetry, as well as Aftronomy, I firfcL But, pray, 

Cleonicus, what Origin do you give to the Twins^ or 
Gemini ? 

Cleon. Thefe owe their Original to the feme Caufe, 
in all Probability, with the two foregoing; for ac this 
Time, (viz. about May i when the Sun enters this Sign) 
the Young of Goats were in their Maturity and Perfec- 
tion ; and were oftener than any other Beads, brought 
forth by Pairs, or Twins ; which the Goat-herds (in 
antient Times, being very confiderable) denoted, by 
giving the Denomination of Gemini to the Sign. — 

Euphrof... Very good) — —but what do the Poets fay 
of this Sign Gemini ? 

Cleon. They tell us a Story of Co/lor and Pollux, 
two Sons of Leda % the latter by Jupiter, and was there- 
fore immortal ; the former by her Hufband Tyndarus, 
and therefore mortal. — When Jafon undertook the Ex- 
pedition for the Golden Fleece; among other Heroes were 
Caftor and Pollux ; who behaved themfelves very valiantly 
during the whole Voyage, in a Storm which happened, 
two ftrange Fires appeared playing about the Heads of 
Caftor and Pollux, and foon after a Calm ehfufed, which 
made it thought there was fomewhat divine in thofe 
Youths. It happened afterwards, that Caftor, being 
mortal, was killed, and Pollux begged of Jupiter to make 
him immortal, which not being poflible, be only ob- 
tained, that his Brother (hould (hare half his own Im- 
mortality, fo that each Day they alternately lived, the 
One in Heaven the Other in Hell. — They were at laft 
placed among the Scars, and made the Conftellation 
Gemini, which you fee on the Globe, denoted by the 
two Youths, with each a bright Star in his Head, and 
their Names Caftor and Pollux to diftioguifh them. 

Eupbrof. That the firft Aftronomers (hould give the 
Names of the Ram, the Bull, and the Twins, to thefe 
Conftellations, you have given a fufficient Reafon ; but 
what (hould induce them to call the next Conftellation 
in the Zodiac, by the Name of Cancer, or the Crab? 

Cleon. You'll obferve a good Deal of Propriety, even 
in thisi if you confidcr, that the firft Observers took 
Notice of the Sun's gradual Afcent above theSqui* 

no£kial 
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noftial to a certain Height or Meridian Altitude, front 
which it afterwards declined ajjain, and defcended as 
gradually ; and then, by what Means could they more 
pertinently commemorate fo notable an Obfervatiorii 
than by the retrograde, or fide- long Motion *of a Crctb? 
And the Poets afterward, to make! good their Part, tell 
us, that this is the Crab which Juno fent to bite and 
moleft Hercules^ while he was dcftroying the Lernaan 
Hydra, for which, when Hercules had killed the vexa- 
tious Animal, Juno placed him among the Stars. 

Euphrof But bow came the Lion, a Creature in al! 
Refpecls fo different from a Gtah, to fuCceed immediately 
the Crab? > ....... 

Clean. As among Animals the Lion is the molt power- 
ful, fierce, and ft/ong ; fo among the Months of the 
Year, that Seafon in which the Sun occupied this Sign, 
the Sun's Heat and -Effe&s were more fierce and violcnp 
than in any other, /. e. about the latter End of *Juljj 
and the Beginning of Auguft\ and from this Similarity, 
the Conftellation is fuppofed to have had its Name by 
the fir ft Obfervers of Time. 

Euphrof. 1 his feems probable enough ; and I qtteftron 
tec but it furnifhed the Poets with an ample Theme fox; 

Invention. 

Cleon. It did fo; for they tell us, that thft istt«t 
Ifenueon Lion, which Juno procured from the Afodn, 
and fent againft Hercules to kill him; but Hert&let tore' 
hint to Pieces with his Nails, and made him a Shield and 1 
Breaft-plate with his Skim This made Juno hate hint' 
ftiU more, and on the Lion beftowed that celeftial Uig-' 
nky be has ever fince enjoyed. 

Euphrof. Well* Cleonicui) I perceive the Aftronomers 7 
nave paid a very early Regard to the Ladies, by the* 
Compliment of placing Virgo % or a Virgin^ among the 
Stars) pray, what was the Occafion thereof? And' 
whence thofe Wings, and that Wheatfheaf in her 
Hand? 

CUon. About the Time the Sun entered this Sign, the* 
Harveft was pretty well over; and now the young Dam- 
fela appeared and fpread themfelves over the Fields, glean- 
ing up the Ears of Corn. And as they made this the 
mod agreeable Scene of rural Life; the Aftronomers 

did 
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did them the Compliment of a Conftelbtion of their owH 
Sex, and gave them a Handful of Wheat to (hew the 
Occafion. They alfo depided her with Wings, to (hew f 
the Harveft had, as it were, taken its Flight, and bid 
them farewel 'till the next Tear. 

Eupbrof And pray, what have the Poets to fay on 
this Occafion? 

Cleon. Enough, you may be Aire ; they tell us, (he 
was the Daughter of Jupitir and Themis, and the Prin* 
cefs of Jufiice* by Name Aftraa ; they feign, that in the 
Golden Ago (he defcended from Heaven to the Earth, and 
being offended at lad by the Wickednefs of Mankind, 
the returned to Heaven again, after all the other Gods 
who went before her, where (he obtained the Dignity of 
a Conftellation, as defcribed in the following Diftich: 
All Duty dies, and wear ud JufticeySfcr 
From bloody Earth at loft, and mounts the Skies. 

And Virgil th as : — 

Juftice loft took her Flight from hence, and hero 
The Prince of Inr departing Steps appear*. 

Dry. Georg. II. 
Eupbrof. As to Libra, you have already hinted the 
Reafon of the Name, from the Equality of Days ant 
Nights ; but I want to know what is laid of this in fabu« 
lous Hiftory. 

Cleon. When Jnflice fled from Earth to Heaven, 'tie 
natural to think, (he carried her Scales with her, which 
might be made this Con ft eU at ion ; and 1 wonder to find 
the Poets and Mythologies filent in this Particular. How* 
ever, it is fuppofed, that the exceeding Ufefnlnefs of the 
Balance, when firft invented, excited Men -to comme- 
morate the fame, by placing them among the Stars. 
And indeed what Invention could deferve it more, than 
that which is the left and Standard of JuftUe among 
Mankind ? Thefe are the celeftial Scales, in which 

2ove is feigned by Homer, to weigh ont the Fate of 
[ortals, and in particular, that of Heft or, in the foU 
lowing Lines. 

Jove lifts the golden Balances, that /how 
The Fates of mortal Men, and Things below; 
Here each contending Herd's Lot he trios, 
And weighs > with eapalHand, their DeJHnieu 

tow 
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Low finks the Scale, furcharg'd with Heftor** Fate \ 
Heavy with Death it finks, and Hell receives the Weight. 
And of this Balance too, Virgil fpeaks in the following 
Lines: 

Bat when A Area' j Balance, hung on bigb f 
Betwixt the Nights and Days divides the Sty ; 
Then ycfa your Oxen y fow ydur Winter Grain, 
'Till coid Decern be r comes with driving Rain. Geor* t» 
. Eupbrof There are doubtlefs many Things of left 
Merit, advanced to the Stars; elfe, pray, how came a 
Scorpign there ? Who would have thought to have found 
fikrrt a terrible, fach a noxious Animal in the Heavens ? 

Cleon. When you confider, that during the Seafon the 
Sun is in this Sign, the Weather is generally very bad, 
and all Kinds of DSfeafes now begin to invade and infeft 
Mankind ; afc Colds, Agues, Ajlhmas, Fevers, Sec. as alio 
that this is the Introduction to the cold and comfortlefs. 
Hie dreary and deadly Seafon of Winter ; I fey, when 
this is confidered, you cannot think it ftrange, that the 
Brft Obfervers gave this Sign the Name of Scorpio, being 
fo apt an Emblem of the Seafon — The Poets tell us, this 
Was the Scorpion which flew Orion for his Arrogance and 
impudent Defign on Diana. 

Eutbrofi I think 1 remember a Paffage in Ovid, where 
it is uid> that Scorpio fills the Space of two fthole Signs ; 
how is that to be underftood, Cleonicus? 

Cleon. Some of the Antienrs feemed not acquainted 
with the Confteilation Libra, and therefore they affigned 
*B the Space from Virgo to Sagittarius to the Poffcflion o£ 
Scorpio ' 9 and therefore Ovid fays ■ 

There is a Space above, where Scorpio bent 
In Tail and Arms, furrounds a vajl Extent \ 
Jn a wide Circuit of the Heavens he /bines, 
And fills the Space of two ce/eftial Signs. 

Metam. II* 
This is alfo evident from Virgil's Compliment to Cetfar 
Jugnftus ; for when he propofes to him the Divinity of a- 
Qooftdlatioii, he affigns him the vacant Place between 
Virgo and Scorpio, in thefe Lines. « ■ 

Or tmit thou ble/s our Summers with thy Rays, 
And) feated next the Virgin, poife our Days ; 
V*l.H» C men, 
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Where, in the Void of Heart n, a Space is fret 
Betwixt the Scorpion and the MM for thee; 
The Scorpion ready to receive thy Laws 
Yields half his Region, and contracts bis Claws. 

Gcorg. I. * 

Euphrpf. Well, I fee Aftronomy is ufeful, too, for 

underftanding the Poets. But what does Sagittarims 

Bow denote ? Is it not the hunting Seafon ? 

CUon. You guefs very right, my Euphrofyne ; his Bow 
end Arrow point out the Sportfman, whofe Seafon now 
commences. 

Euphrof. But how comes he to be reprefented with the 
hinder Part an Horfe? 

CUon. This is altogether owing to Fable ; they tell us 
of a Centaur, whofe Name was Chiron, the Son of Saturn 
and Phillyra, a learned Phyfician, and Preceptor to the 
famous Achilles \ Hercules's Dart, dipped in the venomous 
Blood of the Lernaan Hydra, falling on his Foot, gave 
him an incurable Wound ; he defired to die, but could 
not, being born of immortal Parents ; who therefore took 
him up to Heaven, and made him a Conftellation. 

Euphrcf What monftrous Things the Poets relate !— 
And* pray, what fay they of the next Monfter, Capricorn, 
half Goat and half Filh ? 

CUon. This Conftellation had its Origin from the wild 
Goat, whofe Nature being to feek its Food from the Bot- 
tom to the Top of Mountains, climbing from Rock to 
Rock, aptly emblemized the Afcent of the Sun, from 
Che lowed Point in the Beginning of this Sign to its 
high eft Pitch, or Summit in the Summer Solftice.—— 
But the Poets feign, that a Goat fuckled Jupiter, and 
that after it was dead, he made a Shield of its Skin, 
called /Egis, with which he fingly combated the Giants. 
At 

* ThefcPaflagf* in Ovid and Virgil feem very Grange, when 
we find them in other Places making Mention of Libra as a 
Sign of the Zodiac. And it is certain, that the Antients had 
the Sign of the Balance actually depi&ed on their Globes at 
long ago as it was at the automnal Equinox (which is more 
than 2000 Years fince), for there it appears on an old celeftial 
Globe, found among the Ruins of antient Italy* and kept in 
the Farpefia* Palace at Rome, of which 1 hare a Copy by m*. 
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At length, he feftored the Goat to Life again, gave her 4 
a new Skin, and placed her among the Conftellations of 
Heaven. Others fay, that Pan, a Man upwards and a 
Goat below, was at lad changed into this Conftellation, 
as being the God of the Woods and Shepherds, and 
Guardian of their Flocks. But as to the Fifh-part of 
Capricorn, I take it to be a Fancy of modern Date. 

Euphrof. Aquarius, I fee pouring his Water from Hea- 
ven ; 1*11 venture to guefs once more, that this Figure is 
an Emblem of a rainy Sea/on. 

Clem. And you are very right; for Virgil ufes the 
Term Aquarius (by a Metaphor) for Winter, as it is 
alfo tranflated by Mr. Dryden. — 

This during Winter's drifly Reign be done, 
Till Aries receives tb % exalted Sun. Georg. III. 

But the Poets tell us, this Aquarius, when on Earth, 
was that beautiful Youth Ganymede, Son of Tros, whom 
an Eagle (fent by Jupiter) matched off from Mount Ida, 
as he was hunting, and carried him into Heaven ; whertf 
Jupiter made him his Cup-bearer, and whom he attends 
in all his Banquets with flowing Cups of Neftar. — Of 
thus, according to Ovid: 

Difgu'tsd in Eagle* s Plumes he downward flies, % 

And bears the Phrygian with him to the Skies ; 
There be for Jove (in Spight of Juno'j Frowns) 
The flowing Bowls with purple Nettar crowns. 

Metam. X. 
Euphrof The Evening grows late, Cleonicus ; we have 
but juft Time to enquire about the lad of the twelve 
Conftellations) which you call Pi fees, of the Fijbes *, pray, 
tdl me in brief their Original. 

CZw». The Filh, being at the Time when the Sua 
enters this Sign, moft in Seafon, gave Occafion for the 
Denomination thereof; though the Poets tell us other 
Things : Tbey give two Reafons for the Divinity of the 
Fijbes : — -*-The firft is, becaufe in the War with the 
Giants, Venus being diiturbed, converted herfelf into a 
Fifli ;— the Second, becaufe a Dove fat once upon the 
Egg of a Fifh, in the River Euphrates^ and at length 
hatched a Goddefs of great Goodnefs, and merciful to 
Mankind. On both thefe Accounts the Fifties were 
held facrcd, and placed among the Stars. — And let thfo 

C 2 fufficc, 
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fiifiice, my Euphrofyne, for the Original and febuloW 
Hiftory of the Conftellations of the Zodiac ; the next 
Evening we will fpend in purfuing the fame Enquiries* 
relating to the Conftellations in the northern Hemifpberc^ 



DIALOGUE HI. 

Of the Constellations of the Northern Hemi- 
sphere, with their Origin, and Mythologicr 
Hiftory. 

Euphrofyne. 

THE Pleafure of our lad Converfation has made 
the Time feem long ere the next returned.—— 
I muft ftill exped to be indulged the Liberty (though 
tirefome) of continuing the Enquiries I have begun, hi 
relation to the reft of the Conftellations which I fee 
jfpread over the Surface of the Globe. But, pray, whkir 
of them will it be proper to begin withal ? 

Clean. Thofe of the Northern Hemifpherc, or on the 
North Side of the Ecliptic ; and then proceed to thofe 
on the Southern Side. Thefe will give us Occafion to- 
rebearfe moft of the pleafant Stories of the Poets and 
Fabulifts, in relation to their ficticious Original, and this* 
is aH we muft here expeft 

Eupbrof. And which of thefe do you bold it proper to* 
begin with ? 

CUon. With the two Bears, v/'s. Urfa Major and 
tlrfa Minor, as being the moft northerly. The Greater 
of thefe was called Arftos and Hulks by the Greeks ; and 
the Leflcr, Cynofura, becaufe its Tail was like that of ac 
Dog. The Greater of thefe Bears, was once the hit 
Califto, Daughter of Lycaon 9 who being deflowered by 
Jupiter, was, by the Rage of Jun$ % turned into a BeaJL;, 
and her Son Areas into the Lejfer Bear ; but the Difgrace? 
was taken away by Jupiter's advancing them to Heaven, 
and making them two fuch remarkable Conftellations^ 
Thefe Bears conftantly circulate about the North Pole* 
and never go below our Horizon ; on which Account, 
Pkgily fpcaking of Dracu aad the Btars 9 fejs $ . 

Jround 
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Around the Pole tbt fpiry Dragon glides, 
And like a winding Stream the Bears divides % 
The Left end Greater, who by Fate's Decree, 
Forbidden arete touch the Northern Sea. 

Georg.I. 
For Juno being enraged at their being taken up into 
Heavem, defired Tetbys, (the Goddefs or the Ocean) that 
4he would never fuller Calijlo to bathe in her Waters. 
When Junofaw the Rival in her Height , 
Spangled with Stars, and circlod round with Light % 
She fought old Ocean in his deep Abodes* 
And Tethys, both rever'd among the Gods. 
They afk what brought her there ! " Ne'er ajh, fays fie, 
What brings me here, Heav'n is no Place for me. 
Trill fee, when Night has cover* d all Things o'er % 
lore's Jlarry Baftard y .and triumphant Whon 
bfurp the Heav'n* $ Tou'Wfee 'em proudly roll 
In their new Orbs* and brighten all the Pole. 
And wbojhall now on Juno'; Altars wait % 
When tbofejhe hates grow greater by her Hate? 
ion the Nymph a Brutal Form imprefs'd, 
Jove to a Godde/s has transformed the Bea/t i 
This j This was aU my weak Revenge eoulido: 
But let the God his dtafle Amours purfue % 
Andy as be acled after lo'sRape, 
Re/lore tV Adult refs to her former Shape} 
Then may be caft bis Juno off, and lead 
The great Lycaon'x Offspring to his Bed* 
But you , ye venerable Povfrs^ be bind, 
And, if my Wrongs a due Refentment find. 
Receive not in your Waves their fitting Beams 9 
Nor let the glaring Strumpet taint your Streams." 
The Goddefs endea\ andtheWiJbwasgpiln.—— 

Metam. II. 
Eyphrof But what is that terrible Serpent f or Dragon, 
ou mention, which I alio fee between the Bears ? And 
ow came be there I 
Cleon. This was the W*tch~Dragon, which Juno 
appointed to keep the Garden of the Hefperides„ three 
Daughters of Bejperus, Brother to Atlas. In tbefe Gar- / 
dens were Trees that bore golden Fruit, which Hercules 

C 3 attempting 



w 



%% THE YOUNG GENTLEMAN 

• attempting to deal, firft flew the Dragon, which was 
afterwards made this Conftellation. 

Eupbrof. On the other Side the Leffer Bear, I fee fome 
great Perfonages fure, Cepheus and CaJJiope, Perfeus and 
Andromeda', are not thefe very memorable Names in 
Hiftory? 

Cleon. Yes, more efpecially fo in fabulous Hi (lory. 
Cepheus and his Wife Cafftope were King and Queen of 
Ethiopia, and Andromeda was their Daughter ; (he was 
bound to a Rock to be devoured by a Sea-monfter, by the 
Nymphs, becaufe her Mother Cajfiope proudly preferred 
her Beauty to theii's. — You fee the Fetters on each 
Hand.— -The unhappy Cafe of this fair Nymph reached 
the Ears of Perfeus, Son of Jupiter and Danae, who, 
with his Falchion, and Wings to his Feet (which you 
fee), took his Flight through the Air to Ethiopia, where 
he flew the Monfter, releafed Andromeda, and then mar- 
ried her. They were all afterwards placed among the 
Conftellations, where they make fome of the brighteft in 
the Northern Hemifphere. ■ This remarkable Story 
is finely told by Ovid, which is in Part thus ■ 

Now ^Eolus, the Evening boiJTrous Wind 
Had in eternal Caves with Bars confind, 
And Lucifer, bright Harbinger of Day ; 
Perfeus, and all to Bus'nefs caWd away : 
When to his Feet again he lac % d his Wings, 
Girt on his Falchion fure, and boldly flings 
Thro 9 the wild airy Regions of tbs Skies, 
And o 9 er a Thoufand namelefs Nations fies \ 
And, with a flight Survey, thofe Countries pajl, 
He made th % Ethiopian Land at laji. 
There lay Andromeda, expos *d along, 
Condemn d to fuffer for her Mother's Tongue, 
Whom, when the jharp-tfd, towering Herofpfd^ 
With Arms to rugged Rocks fever e'y ty'd ; 
But that her flowing Tears her Life betray 9 d, 
And that her Locks with fanning Breezes play'd, 
She look'dafnijb'd Marble-piece i but now 
Soft flames in his unknowing Bofom glow. 
Jiavifl/d, amaz'd, he views the lovely Maid, 
And half forgets, bis flying, airy Trade* 

Thin, 



AND LADY's PHILOSOPHY. 23 

Thirty near her, takes the Rock, and, O ! faid he, 

Bright tbarming Creature, fitter far to be 

In form kind Lover* t fofler Arms enchain' d, 

Than with the Weight of barb'rous Fetters pain 9 d , 

Tell me, fiveet Maid, thy Country's Name and thine. 

And why thee thus to Rocks thtfe ponderous Chains confine f 

Silent a-while the blujhing Virgin flafd \ 
Of manly Converfe, rarely uCd, afraid ; 
Only her Tears, which fill Jhe might command, 
In her fair Eyes like rifing Fountains fl and. 
Her fnowy Hands her modefl Looks had hid, 
But that rough Chains her fnowy Hands forbid ; 
Oft a fid, (left Silence Jhould her Guilt accufe) 
At laflfbe both her Name and Country /hews. 
Scarce Half her Tale was told, when founding Waves 
Her Fateforejhew, the hideous Monfler laves 
His Sides with Seas, which to his raffage yield. 
And whelms his Bulk o'er half the wat'ry Field. 
The Maidjhrieks out ; her mournful Father cries : 
Her Mather too with equal Plaints replies, 
Both wretched now ; but much more juftly Jbe 9 
Wbofe vainer Pride deferifd her Mifery. 
No help, alas ! but ufelefs Tears they bring, 
And, crying, round their fetter' d Daughter cling j 
IVhen Perfeus thus ; Weep thus no more in vain, 
Few Minutes only new for Help remain. 
Should I, fair Danae'i Son by thundering Jove, 
Pcrfcus, the Offspring of his golden Love -, 
Pcrfcus, Mcdufa'j Conqueror, Jhould I, 
Who thro* the Air with certain Pinions fly*, 
Should I your Daughter for a Wife demand, 
J fare might in your choice the fair eft fl and* 
But I to thofe will greater Merits join, 
If Heav'n but fecond now my bold Deflgn ; 
And beg her at my Love's victorious Deed, 
Jf now from Death by my Afflflance freed. 
His Offir gladly both with Prayers embrace \ 
For who'd re fufe it in that defp'rate Cafe f 
And, for a Dow'ry too, that Crown engage, 
Too weighty grown for their declining Age. 
Now, asjonu Galley, fori d with Oars and Tides, 
Plows up tbf Ocean with its foaming Sides % 

C4 * 
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So the prodigious Monfter's horrid Fora % 

Breaks up the Waves with an impetuous Courfe % 

And now no farther off than one might fling 

A Bullet with a Balcarian Sling, 

The gallant Touth, witbfudden Motion, fprings 

From Earth, and cuts tbi Air with aclive Wings ; 

And as the hovring Hero's martial Shade, 

With Tremblings on the wat'ry Surface playd, 

The Beofl enraged at the thin Phantom grew, 

And at the Shade with utmoft Fury flew. 

But as Jpvc'i Bird, when from a Cloud hefpies^ 

Where on fame Plain a Dragon hafking lies, 

Stoops, at his Back, and to prevent his Jawty 

Throws fcaly Neck his crooked Pounce* d'aws ; 

So he the Air with nimble Wings divides, 

And plies the Mon fix's Back and rolling Sides { 

And with a lucky Thruft his Jboulder rives, 

And up to tb f Hilt, his greedy Falchion drives. 

Struck withfo deep a Wound, the Monfler raves* 

And fiercely bounds above the frighted Waves ; 

Then dives again \ and with a dreadful Sweep, 

With thick black Gore diflains the boiling Dctp. 

And as a Bear, which eager Hounds engage, 

So ev 9 ry Way he vents his baffled Rage : 

While from his Fangs the wary Perfeus flies ^ 

Andetfry Waythejurious Monfler plies. 

Now on his Back and Ribs like Anvils beats : 

Now on his Fijb~like Stern bis Strokes repeats. 

The Beajl then f pouts fuch Floods of wafry Gore, 

Perfeus durfl trufl his dabbled Wings no mtre. 

But /pies a Rock, which bare in Calms might iis % 

But under Water when the Sea ran high. 

There flraight the fear lefs Hero takes his Stand, 

And grafps the Summit with his fwardlefs Hand \ 

And then, to crown bis Conquefi, Jlrongly foins, 

And tbrufls his Sword oft thro* the dying Monfler' s £•/*#, 

Now, for the Conaueft, mighty Shouts and Cries 

Ring round the Shores, and echo U the Skies. 

Whh Joy Caffippe iWCepheus rais'd, 

Him as their Son received, bis Aliens prais'd; 

CalFd him their Family's Support and Stay, 

On whofe brave arms their Hope and Safety lay. 

lh< 
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The lovely Maid moves on f now freed from Chains, 
The Caufe> and fair Reward of mil his Pains. 

Metam. Book IV. 
Euphrof. That it indeed a very beautiful Defcri prion.— 
But what, or whofe is that frightful, ill-favoured Face 
o. He d, which Perfeus holds, in his left Hand ? Ancj 
what are thofe Snakes that proceed like Hair from it ? 

Cleon. That Conftcilation is called Caput Medufa, or, 
the Head of Medufa : This Medufa was ooce the fair 
Daughter of Phorcus and Cete> who had golden Hair; 
her Charms tempted Neptune to violate her Chaftity in the 
Temple of Minerva,, which that Virgin Goddefs fo . 
refented, that (he changed the Hair of Medufa into Snakes, 
and fuch, that whofoever looked on them were turned 
into Stones ; therefore the Gods, out of pity, fent Perfeus 
to cut off her Head ; which he did, and gave it to b? 
placed in the Shield of Pallas and Minerva. This Story 

js alfo finely told by the fame Poet : 

Medufa erne was fer her Beauty fam?d y 
At whom a Thou/and jealous Suitors aimd % 
But more than all, her lovely Treffes charm* a\ 
Whofe golden Beams her coldeft Lovers warm'd 9 
(Tve met wtthfome who waited at her Court , 
And only I Venders of her Locks report) 
Her Neptuneyt/zW, with lujlful Poffsons wild, 
And in the chafte Minerva 's Fane dejitd: 
The Virgin Goddefs turned a fide, and held 
Before her modeft Eyes the facred Shield j 
But that the Crime might be in one reveng'd, 
Toho-rid Snakes Medufa 'j Curls /he cbang'd, 
And that fie might in future rolling Tears ^ 

P'er^awe the vicious XVorld with powerful Fears > 1 

The Snakes Jhe madeJliUin her Shield jie hears. J 

Metam. lib. IV. 
This Medufa was one of thofe three horrid Monfters 
of Hell, called Gorgons\ who flew People with their very 
Looks ; the Names of the other Two were Sthetto and 
Euryale % ail Daughters of Pborcus. From the Blood 
which gulhed out on finking off Medufa 'a Head fprang 
Pegafus y or the winged Horfc, which you fee depifted 
(the Fore- part) above the Equinodial, a little below 
Andromeda. 
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Euphrof. I fee him — and, pray, what Stories do the 
Fabu lifts tell of this fmgular Horfe ? and how came He in 
Heaven ? 

Cleon. This Horfe belonged to the Mufes, who let 
him fometimes to the Heroes and Demi-gods, for greater 
Expedition ; this Horfe Perfeus rode ; and at lad, Belle- 
rophon mounting him, was carried through the Heights of 
Air, where being feized with Fear and a Vertigo, he fell 
to the Earth, and the Horfe was made a Conftellation in 
the Heavens. To this Milton alludes in his invocation 
of Urania, in the Beginning of the 7th Book of Paradift 
Loft. 

■ Up led by thee 

Into the Heav'n of Heavens I have prefum 9 d f 
An earthly Guejl, and drawn empyreal Air, 
Thy Tempering ; with like Safety guided down 
Return me to my native Element ; 
Lefl from this flying Steed unrein' d, (as once 
Bellerophon, though from a lower Clime) 
Difmounud, on th* Aleian Field 1 fall 
Erroneous there to wander and forlorn. 
Euphrof The next that makes a confiderable Figure 
on the Globe, is Auriga -, pray, who was he, and how 
came the Kids in his Hand behind them ? 

Cleon* Who he was, or how he came by thefe Kids is 
hard to fay ; Mythologies are quite filent about him : 
Unlefs they intend Phaeton, who by Ovid is called the 
Charioteer of Phasbus, or the Sun; or elfe he was fome 
diftinguilhed perfon among the Chariot-drivers in Races, 
fo much celebrated among the ancient Greeks and Remans ; 
and fuch Manilius feems to reprefent him in the following 

Lines : 

But when the Ram firflfhews thrice five Degrees, 
The Driver rears his Chariot from the Seas -, 
And climbs that Steep, whence blufiring Boreas brings 
His North-eaft Blajt, andfhakes their freezing Wings* 
He keeps his own Concern, and thence beftows 
Tbcfe various Arts which here on Earth he chafe. 
To drive the Chariot, to direel the Courfe, 
And bang with forward Lajhes on the Horfe ; 
Now prefs direclly, now wheel nimbly round, 
Out-ftrip the U tnd, nor raife the dufty Ground j 



AND LADY's PHILOSOPHY. yj 

Or crtfs athwart, and force the Reft to yields 
Difperfe the Croud, and clear the gaping Field; 
And though ouuftript, yet fcorn to (top to Fear % 
But, drive on Hope, and leave behind Defpair. 
Or j 'midft the Race from Horfe to Horfe to leap, 
Sport o*er their Backs, and fix the dangerous Step : 
Or, fingly mounted, break the foaming yaws, 
Throw well the Dart, and force ojuft Applaufe. 

Aftr. BookV. . 
Euphrof Be Auriga whom he will, the Poet makes a 
pretty Ufe of the Story. — But pray, Cleonicus, who is 
that old Fellow Bootes, with a frizly Beard, Handing 
with one Foot on Mount Meenalaus, holding a Club in, 
one Hand, and two Courfers in a String with the other ? 

Cleon. His Name implies an Herdfman ; but he is more 
properly called Arclophylax, or the Bear~keeper; for he 
conftantly follows the Greater Bear in its daily Rotation 
about the North Pole, Alfo becaufe the Bear is fome* 
times called the Waggon, Bootes is moftly called the Wag- 
goner, by the Poets ; thus Ovid : 

Now Silence o'er the flumb y ring World did reign, 
And flow Bootes had declirid his Wain. 

Myrrha purfues her Guilt.— * 

Metam. Book X* 
And in the Story of Phaeton % he thus defcribes the Con* 
fternation of the Serpent and Bootes. — 

The folded Serpent next the frozen Pole, 
Stiff and bcnumm'd before, began to roll, 
And rag'd with inward Heat, aud threaten d War % 
Andfhot a redder Light from ev'ry Star. *' 

Nay* and'tisfaid, Bootes too, that Thou 
Would ft fain have fed, tho* cumber* d with thy Plough m 

Book II. 
Euphrof The Swan, I fee, makes the next corffiderable 
Figure ; he is in a Pofture of Flight, in the Milky Way ; 
for what Reafon could a Swan come there, Cleonicus ? 

Cleon. Ah, my Euphrofyne, while we are on the fabu- 
lous Part of. Aflronomy, Fi&ion is all the Reafon you 
molt cxpe& in Things. And fo ridiculous are the Fables 
for the molt Part, that Jove is pretended to have afTumed 
the Shape of a Swan, in order to deceive Leda, the Wife 

of 
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of Tyndarus ; which adulterous Story is thus comotemo- 
tatd by Manilius, who {peaks of this Con&ellation. 

Next view the Swan, which Jore advanced above t 
That Form's reward by which he caught his Love* 
When Jbrouded in the fair, deceitful Shape* 
He cheated trtfting Lcda to a Rape : 
Now graced with Stars, hid Wings fir eUVt oer the Skies. 

Book I. 
Eotpkrof But I fee a much nobler Bird yet, below the 
Swan, I mean tbc Eagle; no Doubt but there was fome 
AOtabJe Oocafion lor his being made a Con (lei la t ion. — • 
Cleon. The Eagle being King of Birds, as Jupiter 
;was of the Gods, k was always cftecmed fa c red to that 
ftrpreine Deity, and was ufuaJJy called the Bird of Jove. 
Tbe Poets feign* that Jupiter was brought up in a Cave 
in Crete i by Doves, who fed him with Jmbrojia, and am 
Eagle, who fupplied him with Ne8ar y which he drew 
from a Rock and carried in -his Bill; for this he was 
honoured with coleftial Dignity. — Others fay, that in the 
Wars of the Giants, the Eagle brought Thunder to 
Jypiter % with which he quelled them ; and is therefore 
called Jove's Armour-bearer by Virgil. — Of the £ agU as a 
Con del Jat ion, ManUius thus fpeaks : 

The tow'ring Eagle next doth boldly foar, 
As if the Thunder in his Clawi he bore \ 
He's worthy Jove, fmce A/, a Bird, fvpplies 
The Heav'n withfdered Bolts, and arms the Skies. 

Book I. 
Euphref. Who is that old Fellow Serpenfarius, grafping 
an hideous Serpent in his Hands i 

Cleon. Some think he reprefents ASfculapims, the Go4 
of Phyficians and Phyfic ; he was worshipped at Epidaurut* 
his Birth-place, fir ft, and afterwards at Rome, in the 
Form of an huge Serpent — Others think it is Hercules, 
who, while an Infant, deftroyed with the Grafp of hie 
Hands two Serpents, feat by Jupiter to kill him in the 
Cradle: Hence Ovid-* 

You kiWd two Serpents with your Infant Hand, 
IVhich then defertid Jo vcV Scepter to command. Epift. 

Of 
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OfthbConftdlation, thus Manihusi 

Next Ophincliusy&rto the mighty Snake* 
Untwifti his winding Folds f andjmocths his Back, 
Extends its Bulk* and o'er thejhpffry Scale t 
His wide-ftretclfd Hands on either Side prevail ; 
The Snake new turns his Back, andfeems to rage % 
That War muft lafi where equal Powers engage. 

Boo* I; 
Iwfhrtf. What rs Hercules about, in that knecfiiig 
Pofture? What means the Club in his Right-hand, th* 
three-headed Monfter in hi* Left, and the Lion's Ska* 
hanging oter his Arm ? 

Clem. This reprefents forae of the Labours of that 
Ponderous Demi. god, who was the Son of Jupiter* hj 
Alcmena* the Wife of Amphitryo* King of Thebes. Aa he 
was the grcateft Hero for Feats of Strength ; fo, no Doubt, 
hjs Fable had hi Origin in the Hiftory of Samfin. — The 
Labours of Hercules were many, of which twelre arc 
particularly celebrated, and are contained in the twelve 
following Verfes : 

■ The Cleonean Lion firft ht kills* 
With Fire and Sword then Lemz's Hydra quells j 
Of the wild Boar he clears th % Ei'manthean Field** 
The Brafs-foot Stag with go/den Antics yield*. 
He Stympha clears of Men devouring Birds > 
And next the bouncing Amazon ungirds\ 
The Stables of King Augeas he cleans \ 
The Cretan But/he vanqmjhes and chains r 
Diomede'; H»rfes him their Conqueror owtf* • 
Then he brings low thee-headed Gerion ; 
Hefperian Apples next his Name advance* 
And his laft Labour Cerberus ettchains. 
Of the Lion's Skin he made a Shield, nnd Breaft-plate r 
which jou fee •, that three-headed Monfter is Cerberus* 
the Dog who kept the Gate of Hell 9 and whofe Body was 
core/d with Snakes inftead of Hair ; of whom ftrgihhu* 
ipeaks ;— - 

Stretcb'J in his Kennel* monfVrous Cerb'rus round 
From triple Jaws made all theft Realms refowid. 

And Horace thus : 

HeWs.grifly Porter let you pafs* 
\ And frown d and li/len'd to your Lays. 

The 
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The Snakes around his Head grew tame ; 
Hit Jaws no longer glow'd with Flame ; 
Nbr triple Tongue wasflaind with Blood: 
No more his Breath with Venom flow* d. 

Book III. Ode H. 
Euphrof. Well, to pafs this Monfter a little* I obferve 
Lyra on the Bread of an Eagle, what does that import ? 

Cleon. Lyra is the Lyre, or Harp of Orpheus, the Son 
of Apollo, by Calliope the Mufe ; on which he is faid to 
have played and fung fo fwectly, that he tamed wild 
Beads, flayed the Courfe of Rivers, and made the Woods 

follow him. Yea, when he defcended into Hell to 

fetch back his Wife Eurydice\ he charmed Pluto and 
Proferpina (King and Queen of .Hell), and made the 
Damned dance, if what Virgil fays be true t 

Th % unhappy Hit/hand, Hufband now no more, 
Did on his tuneful Harp his Lofs deplore, 
And fought his mournful Mind with Muftc to reflore* 
On thee y dear IVife, in Deferts all alone, j 

He caWd, ftgh*d, fung, his Griefs with Day begun, \ 
Nor were they fini ft) d with thefetting Sun. J 

Etfn to the dark Dominions of the Night 
He toot his Way, thro 9 Forejls void of Light ; 
And dar'd amidfl the trembling Ghojls tofing, 
And flood before th 9 inexorable King* 
Th 9 infernal Troops like pajftng Shadows glide, 
And, UfTning, crowd the fweet Mufuiaris Side. 
Ev 9 nfrom the Depths of Hell the Damn'd advance, 
Th 9 infernal Manftons nodding feem to dance ; 
The gaping three-mouth' d Dog forgets to fnarl, 
The Furies hearken, and their Snakes uncurl z 
Ixion feems no more his Pains U feel, 
But leans attentive on hisflanding Wheel* 

Georg. IV. 
With Orpheus 'tis ufual to join the Story of Amphion> 
the Sonjof Jupiter, by Antiope-, he received a Lute, or 
Harp, from Mercury, the Sound whereof moved the 
Srones fo regularly, that they compofed the Walls of the 
City of Thebes, according to Horace. 

Amphion too, as Story goes, could call 
Obedient Stones to make tbe Thcban Wall-, 

He 
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He led them as he pleas' J, the Rocks obeyd y 
And danSd in Order to the Tune he playd. 

Art of Poetry. 
Euphrof How extravagant arc the Fi&ions of the 
Poets ! They could never propofe to have Credit for 
fuch Romances ; what could they propofe, then, Cleo- 
nicusy in fuch wild Relations ? 

Cleon. Their End was to (hew their Invention, exep- 
cife their Art, amufe the Learned, delude the Ignorant, 
and fometimes to convey moral Inftru&ions in this fabu- 
lous and hyperbolical Way, which was much in Vogue 
in the early Ages of the World. Thus, all they would 
imply by the wonderful Account of Orpheus and Amphion % 
is, that they were fo eloquent, as to perfuade the wild 
and (avage People of their Time to live conformable to 
the Laws and Rules of civil Society. 

Euphrof. How came the Dolphin to merit a Place 
among the Stars? Methinks they made Fifli plenty in 
Heaven ! — 

Cleon. The Heaven of the Heathen, was a common 
Receptacle of every Thing ; a wild Mifcellany of all 
Orders of Creatures, without Order or Diftin&iou.— — 
But not to digrefs; the Poets tell us of one Arson ^ a 
Lyric Poet of Lejbos, who got great Riches by his Art; 
and as he was going to Italy % the Mariners attempted to 
rob him, but he defired he might play one Tune on his 
Harp before they threw him into the Sea ; he played, 
and then leaped into the Sea, where a Dolphin (drawn 
thither by the Sweetnefs of his Mufic) received him on 
his Back, and carried him to Tenedos, with all his Mo- 
ney ; for which Kindnefs the Dolphin was made a Con- 
ftcllation, according to Ovid. 

The Gods beheld the gerirous Deed, and Jove 
Advanced him from the Deep to Jhine above 
Among the Conjl citations , now divine % 
And for his Share of Stars , he gave him nine. 

Lib. Faft. II. 
Euphrof What is this Coma Berenicea 9 juft above 
Virgo? • 

Cleon. It is the Hair of Berenice, the Wife of King 
Euergetes f who vowed to cut off her Hair if her Hufband 
returned frcm the War Viclor.j accordingly flic did, 

and 
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and fcnt it to tbe Temple of Venus, from whence it wai 
faid to be taken up into Heaven and made a Conftel* 
lation : On which Catullus has wrote a curious Poem iri 
Latin.* 

Bupbrof. The Evening is now fo far fpent, that there 
is no Time for any farther Enquiries ; and indeed, if k 
were not, 1 believe I have pretty well tired you with 
Queries for to Night. 

Clean. Not at all, my Euphrofyne ; but luckily for us* 
we have taken Notice of all that afford any Thing of 
Hiftory or Fable in the Northern ConftcDatiohs, worth 
Notice ; the reft are of more modern Invention, and have 
nothing in them fignificant. We will, To-morrow, paft 
on to the Southern Conllellations, which will afford us 
farther Entertainment of this Sort, and conclude this 
Survey. 



DIALOGUE IV. 

Of the Constellations of the Southern VLt* 
misphere, with their Fabulous HistorIt. 

Euphrofyne. 

THIS Evening you appoint for finifliing our View of 
the Conftellations. — We are now to defcend t<* 
thofe of the Southern Hemifphere, among which, I fee? 
Orion make a very confiderable Figure ; pray, Cltomcus % 
give me his Story. 

Cleon. I will, and it runs thus in Fable; 'tis iaidthar 
yupiter, Neptune, and M*rcvry r as they once travelled 
together, were benighted, and forced to lodge in a poof* 
Man's Houfe, whofe Name was Hircus ; he entertained 
them as well as he could, which fo pleafed the Godsj 
that they prom i fed to grant whatever he afked. He faid, 
he promifed his Wife on her Death-bed to live a Wi- 
dower, and yet he extremely defired to have a Son ; 
they confented to his Requeft, and moiftening an Ox's 
Hide with their Urine, they commanded him to bury it 
ten Months. After which Time, digging it up, he 
found in it a new-born Child, which from thence 
called Urion, or Orion* 
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Orion was a conftant Companion of Diana, while a 
Youth, but at length, behaving indecently to her, he 
was flung to Death by a Scorpion. However) Jupiter 
tranflated him to Heaven, and made him a mod con- 
fpicuous Conflellation, which is thus defcribed by Ma- 
nilius : 

Ftr/l, next the Twins, fee gnat Orion rife. 
His Arms extended fir etch e'er Half the Sties : 
His Stride is large, and with afiatefy Pace 
He marches on % and meafures a vaft Space. 
On each bread Shoulder a bright Star's difplay'd* 
And thru obliquely grace hit hanging Blade. 
In his vaft Headimmers'd inbosenalejs Spheres* 
Three Stars lefs bright * hut yet as great* he bears. 
But farther offremov'a\ their Splendor's loft* 
Tints graced and arm*a\ he leads ibeftarry Heft. 

Euphr$f The next Conftellation I obferve, is the 
huge Whale* or rather Sea-monfter% for he is partly 
Beaft* and partly Fijb. How came he in Heaven, 
pray? 

Cleen. This is that dreadful Monfter which was to 
devour Andromeda, chained to a Rock ; whofe Story I 
have before related to you from Ovid. The Whale is 
thus defcribed by Manilius:—— 

Next en his Belly floats the mighty Whale, 

He twifts bis Back* and rears bis threatening Tail; 

Hefpouts the fide, and cuts the f earning Way* 

Wtde gapes bis Mouth, as eager en hn Prey \ 

Such en Andromeda he rujht* and bore 

The troubled Waves beyond their ufual Shore. 

Book h 
Eupbrof. What horrid Hydra is that which carries 
fuch a Length on the Globe ? 

Cleon. It makes indeed, a great Figure, but I cannot 
certainly tell its Original.-*— 1 (hould have taken it for 
the Hydra of the Lake Lerna % which Hercules flew, but 
this has but one Head, whereas that is faid to have had 
many ; of which it is faid, that when any one was cut 
off, another immediately fprang up in the Place of it, 
unlefs the Blood which iflucd from the Wound was 
(lopped by Fire i this Hercules did by the Afiiftance of 
. Vox.. II. D hlaus* 



34 THE YOUNG GENTLEMAN 

Iolaus, the Son of /fibulas, and fo flew the Serpent 
lolaus, you'll find by Ovid, was no Lofer by this ; for 
when he was grown old and decrepit, he was reftored to 
Youth again by the Prayers of Hercules, 
jit the big Entrance % Iolaus appear $, 
Blooming in Beauty, and renew d in Years ; 
Crown d with a fecond Youth, and fprigbtly Grace, 
*The doubtful Down fear ce /hades his maiden Face, 
The Favour to his Uncle's Prafrs he ow'd, 
And Hebe at her Hujband's Suit beftowcL 

Met. Lib. IX. 
Euphrof Strange Things, fure, have been done of 
old : If our Jugglers, or Legerdemain Gentlemen, could 
perform any Feats like this, they would be in better 
.Repute among the People than now they are.— But 
that Dog, there, with a Collar about his Neck, how 
came he in Heaven ? And that little one above is fo very 
pretty, that I fhould aLmoft fancy it to be a Lap-doe 
belonging to fome of their celeQial Lady (hips, if I 
thought any fuch Thing were the Fafhion in Heaven. — 

Cleon. You cannot think any Thing too wild or 
whimfical, that may not be true, of thofe whom the 
Ancients have advanced to their poetical Heaven : And 
in this Particular of the Dog, you have conje&ured right : 
for Poets tell us, this was the Dog that belonged to 
Icarus, or rather to his Daughter Engone, who, as fomc 
will have it, was made the Sign Virgo ; and it was per- 
mitted her, no Doubt, to take her Dog along with her 

to Heaven. Hut, be that as it will, this is certain, no 

Conftellation was more notable than this among the 
Ancients, on Account of that mod obvious and remark- 
able Star in his Mouth, of which 1 (hall fay more an- 
other Time. 

Euphrof. Pray, what mathematical Inftrument is that 
which I fee between the Lion and the Hydra ? 

Cleon, It is the Sextant of Urania, one of the Nine 
Mufcs\ it is placed there in Honour of her, as Inven- 
trefs, not only of that, but mod other aftronomical In- 
ftrumems, and the Patronefs of Aftronomers and the 
celeitiai Sciences. — Hence the Poets, when they under- 
take to fing of Heaven, and the Works of Nature, 
invoke the Aid of Urania, ae Milton ; 

Difcend 
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Defcend from Heav'n, Urania! by that Name 
If rightly thou art caWd, who ft Voice divine 
Following, above tb' Olympian Hill Ifoar, 

Above the Flight of Pegafean Wing 

And the Author ot Univerfal Beauty, Mr. Brooks, thus 
Inrokes this Goddefs i 

Thou, whom the ancient Seer /files 
Venus Urania f born the Babe of Smiles ; 
When from the Deep thy bright Emergence fprung % 
And Nature oh thy Form divinely hung, 
Wbofe Steps (by Loves and Graces kifid) advance, 
And chearful Hours lead on the fprightly Dance ; 
WhiU Time within eternal Durance bound 
Harmonious, on golden Hinges moves around: 
Such, Goddefs / as when Silence wondering gaz'd, 
Andertn thyfelf beheld Thyfelf amaz'd ; 
Such ha fly by that Coon Artift known, 
Seated apparent S^ueenon Fancy's Throne ; 
From thence thy S&ape his happy Canvas bleji^ 
And Colours dipt in Heav*n> thy heavenly Form confejf. 
Such, Goddef ! thro 9 this Virgin Foliage Jhine> 1 

Let kindling Beauties glow thro* ev 9 ry Line, > 

Arid txtry Eye confefs the Work divine. — J 

Part I. 
Euphrof. What is meant by the Word Crater ? The 
figure of the Conftellation feems to me like a rich two* 
handled Cup, or Bowl. 

Cieon. That is the very Thing ; it was the Bowl of 
Bacchus, the God of Banquets and Revels. Next which* 
you fee Corvus t the Raven, or Crow, fitting on the Ser- 
pent's Tail. Below thefe, you obferve another of thofe 
Monfters they call Centaurs, ftriking his Spear into a 
Wolf; and next to him is Ara, the Altar of Jove; the 
Ufe and Occafion thereof is thus defcribed by Manilius: 
The World?* great Temple next, and Altar lief. 
Graced with the Gifts of conqu ring Deities ; 
When Earth-born Giants did their Skies invade. 
The lejfer Gods implored the greater f s Aid\ 
His Fow 9 r Jove doubted when he vieu/d from far 
The threatening Force of the unequal War. 
JVhen he inverted Nature 1 s Frame beheld. 
That Earth rofe upward, and that allrebeWdi 

D 2 That 
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That Hills on Hills heafd, raitd their threatening Head, 

And frighted Stars approaching Mountains fled : 

When impious Armies at a monJTrous Birth* 

Broke thro* the Bowels of the gaping Earth* 

Of disagreeing Forms* aftdfrighthd Makes* 

Vqft human Bodies twifted int* Snakes* 

Ere this no Danger and no Fear was known* 

And wanton Jove fat idly in his Throne. 

But left feme greater Poufr (fift Eafe betray 9 d, 

His Mind to Doubt) Jhould yield the Rebels Aid v 

He raitd this Altar* and the Form appears* 

With Incenfe loaded* and adorn 9 d with Stars. 

Lib. I. 
Euphrof. What great Ship is that I fee, called Argo ? * 
Clean. This was the Ship in which the famous Expe- 
dition was made by Jafin and his Company (hence called 
Argonauts) to Colchis, to recover the Golden Fleece 9 an4 
is thus de (imbed by Manilius : - 

Next Procyon view, and next the nimble Hare, 
Then Argo Jailing thro* the liquid Air ; 
Advanced from alt the Dangers of the Tides , 
JVhich firft Jhe ftemm 9 d* /be now ft cure ly rides. 
Heav'n is her Port, and now Jhe rules the Floods, 
A Coddefs made for faving of the Gods. 

Lib. I. 
Euphrof I fee the Peacock is honoured with an A fieri fin 
likewife, how came that to pafs ? 

Cleon. You have now quite puzzled me-— I cannot tell 
how it came about, unlets it was in Commemoration of 
Argus % whom the Poets feign to have had an hundred 
Eyes, two of which flept by Turns, while the others 
watched * as is thus defcribed by Ovid:- 
Argus'i Head an Hundred Eyes poffefCd, 
And only two at once declind to Reji ; 
The others wat<b 9 d 9 and in a conflant Round* 
Refrejhrmnt in alternate Courfes found \ 
lvhere\r he turned, he always 16 view'd, 
Id befaw, tho' Jhe behind him flood. 
He was flain at laft by Mercury^ and turned by Jun* 
into a Peacock, who placed his Eyes in the Tail of that 
Bird. 

Thera 
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There Argus lies ; and ell that vwruPrtus Light *j 
Which gov* hit Hundred Eyes their ufuai Sight, t 

Lies hurfd new in one eternal Night. J 

But Juno, that Jle might his Eyes retain* 
See* foe* d 9 em in her gaudy Pcacock'j Train. 

Metam. Lib. I. 
Eupbref. This is pretty much of a Piece with other 
poetical Stories. — But as I remember to have read, that 
The Peacack was a Bird facred to Juno (as the Eagle to 
Jufker), I could not tell whether it might not be on that 
Account 

Clems. That may probably be the Cafe; Juno was 
Supreme of the Goddefles, and her Chariot was drawn 
by two Peacocks ; no Wonder therefore, If this Bird was 
niade a Conftellation, and I only think 'tis Pity they had 
not placed him in fitch a Part where he might oftener 
appear, and have a greater Number of Stars 10 bedeck 
liis Tail. 

Efbrof. Well, to pafs "him, what fay you of the River 
Eridanms, I fee there ? is it a River of Neclar that fup- 
friics the Gods with Drink ? or what is it, and how came 
it there* 

Gem. The River Eridanus was that which is now 
called the P#, in Italy, it was placed in Heaven, in 
Commemoration of the unhappy Fall of Phaeton, (whofe 
Name at "firft was Eridanus) the Son of ApeUo and Clyvune. 
The Fable is this 1 Phahm wanted Apot/o to give him 
fome Proof that he was his Father. Apollo, to gratify his 
Son, Md him aflc what he would, and it (hould be 
granted 4>im, and iWore by the River Styx, to confirm it, 
(which Oath is inviolable.) Phaeton aflced Leave to 
drive his Chariot for one Day; which rafli Requeft 
greatly grieved ApoMo, who defired him not to in fi ft on it, 
but in vain, for drive the Chariot he would, and jfpolh 
by bis Oath was obliged to permit him. So up he 
mounts, and drives on, regardlets of his Father's Direc* 
tions; but the Horfes, not finding their ufual Condu&or, 
took Head, and the Charioteer being dazzled with the 
Light above, and frighted with the horrid Abyfs beneath, 
and the terrible Scorpion, let go the Reins, loft his Way, 
and would have burnt one Half of the World, and froze 
She other, ii Jupiter h*d not (truck him with a Thunder- 

D 3 holt 



3? THE YOUNG GENTLEMAN 

bolt into the River Eridanus. This Story is the moft 
noble and fublime of any in Ovid, and well worth your 
reading ; the Conclufion of which runs thus ; 
Jove call'd to witnefs ev*ry Power above f 
And ten the God whofe Son the Chariot irovt\ 
That what be acled, he was for? d to <b % 
Or univerfal Ruin Would enfue. 
He then a funded the atherial Throne, 
From whence he utdto hurl the Thunder down ; 
From whence his Show'rs and Storms he u?d tp pour % 
But noiv could meet with neither Storm nor Sboutr* 
Full at his Head he Jhot the flaming Brand, 
Winch Jlopt the Flames, and Fire with Fires reflrairid* 
At once f rem Life, and from the Chariot driy'fi, 
77/ ambitious Youth fell Thunder -Jlruck from H$ay*u \ - 
The Horffsjlarted with a fudilen Bound, 
And flung the Reins and Chariot to ths Ground. 
The jluaded Hamefsftom their Necks they broke t 
Here fell a Wlieel, and hire a Silver Spoke; 
Here were the Beam and Axle torn away. 
And, fatter' d o'er the Earth thejhining Fragments lay* 
The blajled Phaeton with flaming Hair, 
Shot from the Chariot like a falling Star ; 
Which in a cloudlefs Evening from the Top 
Of Hem? n drops iswn, or feems at leaft to drop \ 
*Ti!lon the Po his /mocking Corpfe was hurl'd, 
Far from his Country, in the weflern World. 

Ovid's Met. Lib. II. 
Euphof This is a fine Relation indeed, though fabu« 
lous ; and I fuppofe was intended to admonifh us of the 
ill Confeqiiences of raft and imprudent Actions. But 
what is the Meaning of the Phoenix in the Flame, which 
I fee upon the lower End of the River Eridanus ? 

Cleon. That Bird too is a Fiftion j of which Pliuy 
thus writes ; that (he is of the Bignefs of an Eagle, and 
never but one*, that (he lives 660 Years, and then makes 
a Neft of Hot Spices, which being fet on. Fire by the 
Heat of the Sun, (he is burnt, and out of her A (he* 
there arifes a Worm, which afterwards comes to be a 
Plarnix. This we have elegantly defcribed by Ovid thus* 
Thus all receive their Birth from other Things , 
put from himfelfthe Phceni* only fprings \ 

Self. 
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Self-born, begotten by the Parent Flame, 

hi which ht burn'd another and the fame : 

Who not by Corn or Herbs his Life fufiains, 

But the fweet Effence of Amomum drains \ 

And watches the rich Gums Arabia bears, 

While yet in tender Dew they drop their Tear u 

Hi (his five Centuries of Lift fulfill } d) 

His Nefi on Oaken Boughs begins to build. 

Or trembling Tops of Palm ; and firfi he draws* 

The Plan with his broad Bill and crooked Claws , 

Nature's Artificers ; en this the Pile, 

Is form' d, ondrtfes round : Then with the Spoil 

OjfCaJJia, Cinnamm, and Stems of Nard, 

For Softnefsjlrew'd beneath, bisfun'ral Bed is reared* 

Fun'ral and bridal both ; and all around, 

The Borders with corrupt lefs Myrrh are crown* di 

On this incumbent^ 'till ethereal Flame, 

Firfl catches^ then confumes the co/lly Frame ; 

Con fume 5 him too as on the Pile he lies ; 

He Jiv'd in Odouts, and in Odours dies. 

An Infant Phoenix from the Former fprings 

His Father's Heir, and from his tender Wings 

Shakes off bis Parent- Du/i: His Method he purfues. 

And the fame Leafe of Life on the fame Terms reniwi. 

fPhen, grown to Manhood, he begins to reign % 

And with jliff Pinions can his Flight fuftain. 

He lightens of its Load the Tree that bore 

His Father's royal Sepulchre before, 

And his own Cradle \ this, with pious Care, 

Plot don his Back, he cuts the buxom Air, 

Seeks the Sun'j City, and his J acred Churchy 

And decently lays down his Burden in the Porch, 

Dryd. Ovid. 
Euphrcf A very furprrfing Account, were it true i 
Pray, what is that other Bird called the Toucan ? 

Cltvn, Indeed I can fay but little of it, it is an Indian 
Bird \ but how he, or the Pbeenix, or the Indian, or the 
Crane, the Sword Fifh, Noah's Dove, and other Conftel- 
latioos not named, came by their Divinity, I cannot 
particularly fa)u 'Tis certain they are all of them of 
modern Date, fince Manilius, the ancient agronomical 
Poet, fays not a Word of them ; nor indeed were the 

D 4 Stars 
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Stars of the Southern Hemifpbere, near the South Pole, 
known in the Regifters of Aftronomy 'till within a few 
Centuries pad. And as they became difcovered and 
reduced to Constellations, the Aftronomcrs gave them 
the Figures ot fuch Creatures as they plcafcd. 60 that 
there remains now no more Conftellations, of which we 
may expect any poetical Account, unlefs we reckon the 
JUiiky Way as fuch ; for that we find the Poets very 
often exercifed their Mufe upon. 

Euphrof. You have already given me the true aftro- 
nomical Account of the Milky Way ; but it will be forae 
Curiofity to near what the Poets fay, or feign, on that 
Head, and therefore pray oblige me fo far. 

CUon. I will \ Hercules, I have told you, was Jupiter's 
Baftard Child, by Alcmena^. the Wife of Amphitryo* King 
of Thebes^ and therefore he was the Objedt of Juno's 
Hatred. But after many Ways attempting to deftroy 
him in vain, (lie was at length, by the Mediation of 
Pal.'as, reconciled to the noble Babe, and let him fuclc 
her Breads, which he hurt by fucking too violently ; 
wherefore (he put him away, and fome of /he Milk was 
fpilt, but it was not loft ; for fome of it fell upon the 
Sky, and 'running along, made the Milky-Way. Some 
of it paused through the Clouds, and fell on the Earth, 
and where it fell, Lilies fprang up, which are therefore 
white, and were by fome called the Rofes of Juno. This 
is the Fable ; the poetical Defcriptton of the Milky- Way 
I have given you already. To which I (hall add the 
various Opinions of the Ancients concerning the Origin 
of the Milky-Way from Manilius, who relates theni in 
.the following Lines. 

Pond Men tbefacred Cauftsjlrive to fini % 

And vainly mcafure with a feeble Mind ; 

And yet they ftrsve 9 they madly whirl about 

Thro* various Caujes 9 ftill condemn d to doubt 

Whether the Skies grown old, ixre /brink their Framty 

And thro 9 the Chinks admit an upper Flame : 

Or 9 whether here the Heavens two Halves are join* d % 

H •/» oddly clos'd, ftill leave a Seam behind i 

Or here the Parts in Wedges clofely prefix 

4 oj * fh$ Ftmh * re thicker than the reft j 

Like 
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Like Clouds condensed appear, and bound the Sight, 
The Azure being thick* ned into IVhite. 
Or whether that old Tale deferves our Faith, 
Which boldly fays, that this was once the Path 
Where Phoebus drove ; and that in Length ofTear% % 
The heated Track took fire and burnt the Stars. 
The Colours chanfd, the Ajhesjlrew'd the Way, 
Andftillpreferve the Marks of their Decay : 
Be/ides, Fame tells, by Age Fame rev* rend frown, 
That Phoebus gave his Chariot to his Son, 
And wbilft the Youngfter from the Path declines. 
Admiring tbejhrange Beauty of the Signs ; 
Proud of bis Charge, he drove the fry Horfe % 
And would out-do his Father in bis Courfe. 
The North grew warm, and the unufual Fire 
DiJJofo'd its Snow, and made the Bears retire ; 
Nor was the Earth fecure, each Country mourn* d 
The common Fate, and in its Cities burrid. 
Then from the fatter 9 d Chariot Lightning came, 
And the whole Skies were one continued Flame. 
The World took Fire 9 and in new kindled Stars, 
The bright Remembrance of its Fate it bears* 
Thus Fame \ nor muft thefofter Fable die, 
That Juno*i Brea/l tier flowing Jiairtd the Sky 9 
And made that Milky- Way, which jufify draws 
Its Name, the Milky Circle, from its Caufe. 
Or is tht fpadous Bend ferenely bright 
From little Stars, which there their Beams unite, 
And make one folid and continued Light f 
Or Souls, which, loosed from tV ignoble Chain 
Of Clay, andfent to their own Heav'n again, 
Purged from all Drofs by Virtue, nobly rife, 
In /Ether wanton, and enjoy the Skies. 

Book I. 
And thus we have finifhed a fabulous Survey of the 
Con (lei lat ions : That which now remains, is to proceed 
to a more particular Ufe of the Celeflial Globe; and that 
frail be the Subject of our next Leifure. 
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DIALOGUE V. 

Shewing the Ufe of the Celestial Globe in 
fotoing Solar Problems, or fitch as relate 
to the Sun. 

Euphrefyne. 

According to your propofed Method, I am now to 
learn the Ufe of the Celestial Globe more 
accurately than I have yet done ; but pray,. Cteonicus, in 
what Refpc&s, or in what Particulars, may J now espe& 
to be inftrufted ? 

Cleon. I ihall firft (hew you how to reflify the Globe 
for any Place ; then, how to find the Place of the Sim 9 
Moon, or Planet* in the Ecliptic for any given, Time; 
and alfo, how to find the Time of their Rijingi SosUbing 9 
Setting* &V for that Day :. And laftly, I (bffll (hew 
how, by the Stars on the Globe, you may find any Stars 
in the Heavens for any Time of the Year, and the Time 
of their Rijing, Setting* &c. 

Euphrof Well, this will be very delightful* and I 
promife myfelf a great deal of Pleafure and Advantage 
in fuch a Speculation. 1 here fore, to make a Begin- 
ning, pray tell me what you mean by rectifying the 
Globe? 

Cleon To rectify the Globe for any Place, is to ele- 
vote the North Pole of it juft fo high above the artificial 
Horizon as the Pole-St-ar in the Heavens is above the natu- 
ral Horizon of that Place. 

Euphrof. How mud I proceed to refiify the Globe for 
any particular Place, as London* for In fiance ? 

Clem. You muft firft learn the Latitude of the Place, 
either by Obiervation, or fron* fome Table of the Lati- 
tudes. As that of London you'll find to be about 51 Q 30', 
or this you may find on the Terreftrial Globe , by bring- 
ing London to the Brafs Meridian, where you obferve it 
paiies under 51 ° 30' of North Latitude. Having thus 
got the Latitude of the Place, take the Brafs Meridian, 
and raife or deprefs it in the Frame, 'till the Horizon 
cuts ic (on the North Part) in 51*30', equal to the 
Latitude of London, there let the Globe reft, and it will 

fee 
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be tie true Reprefentation of the Pofition of the Earth 
aod Horizon for LoneUn. 
Eupbrtf. Well, this I can do immediately.— The 

Globe is rectified. What am I to do next ? 

Cum. Tbe next Thing is to find the Sun's Place in the 
Ecliptic for any given Time you pleafe; this you are to 
do by tbe Calendar and Ecliptic on the Horizon ; in the 
firftof which you find the Day, and oppofite thereto, in 
tbe latter, you find the Degree the bun poflefles that 
Day. 
Eupbrrf. Let me try if I can do this for the prefent 

Day, which is the 8th of May. Let me feel Hera 

I find the Day of the Month,— and then, in the 
Ecliptic, I find equal with it the 18th Degree of Taurus, 
—Is not that right? 

Cfan. Very nearly ; for in Inftruments, however, 
exafi, we mud not ftand for a few Minutes, which 
make no fenfible Alteration from what we behold in, 
Nature. 

Etpbrof. Well, as I have found the Sun's Place, what 
am I to do next ? 

Clion. In the next Place, turn the Globe about 'till 
JOtt fee the fame Degree of Taurus in the Ecliptic on the 
Globe, md thereon ftick a fmall Patch, and bring that 
Patch to the Meridian, and let the Globe reft there. 

Eupbrof. ' lis done; the Patch is now under the Me- 
ridian: but, pray, Cleonicus, what does it reprefent there, 
tbe Sun? 

Clcon. Yes, my Euphrcfyne^ it there rcprefents the 
Noon-tide Sun for the prcfent Day : For, as I have 
fliewn you by the Orrery, whenever the Sun comes to 
Ac Meridian of any Place, it is then the Noon of that 

^y, or 12 o'Clock. Therefore hold the Globe faft 

*itb one Hand, and with the other bring the Hour-Hand^ 
w Index to the Hour XII, in the uppe. Part of the Hour~ 
Circle, over the Meridian^ and there let things remain. 
E»phrof. This I have done — what next ? 
Ciecn. Now you may eafily folve many very ufeful 
Problems in Aftronomy ; as ( i. ) The Globe, in this 
Pofition, (hews you all the Stars and Conftellations that 
vere up, or above the Horizon, this Day at Noon. ( 2. ) 
Obfcrvc the Degree the Patch touches upon the Meridian, 

and 
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and that is the Sun's Declination. (3.) See what Degree 
of the Equinoftial is cut by the Meridian, and that will 
be the Sun's right Afcenfion. (4.) Turn the Globe Baft- 
ward, 'till the Patch touches the Horizon, which then 
represents the Sum's Rifing > and the Index upon the Hoar- 
Circle will (hew the Hour. (5) Ac the fame Time, 
number the Degrees on the Horizon between the Patchy 
and the Eaft-point, and that will be bis Ampfttude sf 
Rifing for this Day. (6.) Then turn the Globe IT&- 
ward y 'till the Parch again touches the Horizon, and the 
Index will (hew the Hour of bis Setting this Day. (7.) 
You obferve on the Horizon his Amplitude of Setting 
from the iVtfl-boint towards the South. Thefe Things 
you may pra&ife firft on the Globe, and then we will 
proceed to feme other Problems. 

Euphrof Well then, for the Sun'i Declinations I fee 
the Patch cuts the Meridian in or near the 17$ Degree 
'Northward^ and that is his Declination for to Day,- 
Again, I obferve the Meridian cuts the Equino&ial in 
about 45 30', which you fay is the Sun's right Afcen- 
fion this Day.— 1 have now brought tbe Patch to the 
Eaftern Side of the Horizon, and 1 fee the Index points 
to the Hour of VII : 30% for the Time of bis Rifing* — and 

his Amplitude is 27° 20' to the South. The Patch 

touches the Weftern Side of the Horizon, and the Index 
ftands at rhe Hour of IV : 30', which is the Time the 
Sunfet to Day, — and his Amplitude of Setting I fee is the 
fame with that of his Rifing, viz. near 27 20 ' to the 
South. 

Cleou. Very good, my Euphrofyne; no one could have 
folved thefe Problems on the Globe with more exadlnefs 
than you have done Let us now remove the Patch, 
and put it on the firft Degree of Capricorn^ where the Sun 
is on the (horteft Day of the Year, viz. the aid of De- 
cember, and wc (hall fee that his Rifing* Setting, Length of 
Days and Nights^ &c are the fame as 1 Ihewed you by 
the Theory. 

Euphrof. Pray do ; I'll put it on the firft Degree of 

Capricorn •, — and now let me iee,— the Sun's Declination 
South is then 23 30' ; — bis right Afcenfion 270 ; — hit 
Altitude at Noon 15° ; — the Time of his Rifing is V1I1 : 
»y ; — and of his Setting 111 : 47' ; — his Amplitude (now 

jjreatcjft) 
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greateft) Southward, is for bis Rifing and Setting, about 

40°, — which I fee is almoft South- Eaft. 

Clton. 1 find you are very ready at folving aftronomical 
Problems ; — and fince on the (horteft Day the Sun rifes 
at VIII : 13', and fets at III : 47', 'tis evident, the Length 
of that Day is VII : 34', and of the Night XVI : 26', 
which is juft the fame as 1 told you from the Orrery. 

Eupbrof. It is fo ; and I am pleafed to fee how exa&Iy 
this noble Inftrument correfpomds with the Orrery, and 
common Obfervation ; for I took notice this very Day, 
that the Sun went down by the Clock juft at the Time 
(hewn by the Globe. 

CUon It did fo ; and had you obferved it rifing this 
Morning, you would have found it at the fame Time, as 
by the Globe. — We have folved the Phenomena for the 
(horteft Day ; let us now fuppofe the Sun in the Vernal 
Equinox* that is, in the firft Scruple of Aries, and fee 
bow thefe Things will fall out for that Time, which you 
remember is on the 21ft of March. 

Eupbrof. Very good, CUonicus ; it is a remarkable Sea* 
fon. I think there needs no Patch to reprefent the Sun 
there ; the Interferons of the Ecliptic and Equino&ial is 

a Point fufiiciently notable without it. I'll brinfj it to 

the Meridian, and — then I fet the Hour Hand to All, as 
before,— and thus the Globe now represents the Noon of 
that Day. 

CUon. Well, and how do you obferve the foregoing 
Particulars on the Globe ? 

Eupbrof. I fee they are very different from what they 
>rere before.— —Now I obferve the Sun's Meridian, Al- 
xitudt) or Height at Noon; is 38° 30', equal to that of 
*he EquinoftiaL the Sun being in it \ — alfo, becaufe the 
Sun is in the firft minute of the Equinoctial as well as the 

-Ecliptic, it has no right Afcenfion. Alfo no Declination^ 

*>r the fame Reafon. — Alfo, if I turn the Globe Eajl or 
Weft, I fee the Sun will rije and fet juft at 6 o"Cbck\ the 
JEquinoftial being the Sun's Path for that Day —Again, 
1 obferve the Sun rifes and fets exa&ly on the Eaft and 
Weft Points of the Horizon i and therefore has no Ampli- 
tude that Day. 

CUon. You are very right in every Particular, my 2?u- 
fbrofjne % and thus you find the Days and Nights are then 
of equal Length, and all other Things happen juft as 

they 
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they were explained to you by the Orrery. And in th* 
fame Manner, you'll obferve Things to happen, if you 
fuppofethe Sun in the other Equinox, as on September 23d. 
Let us now proceed to the Ungeji Day, viz. when the Sun 
enters into the firft Degree of Cancer, and obferve the 
State of Things for that Day* viz. the 22d of June. 

Eupbrof. With a very good Will, Cleonicus; and on 
that Point I'll again ftick on the foiar Patch, — which I 
fet to the Meridian, and the Hour-Index to the Hour of 
XII, for the Noon of that Day. I now obferve the 
ion's Meridian Altitude is very great, being 62 Degrees,— 
and his right Afcenfion 90 Degrees j — his Declination is 
now 23^ 30' North, as it was before South on the fhorteft 
Day. — I fee the Tropic of Cancer fhews the Sun's diurnal 
Path for that Day, and by turning the Globe Eaftward, 
'when the Patch touches the Horizon; I fee the Index Hand 
at III : 47', the Hour of the Sun's Riftng that Day.— 
And again, when I bring the Patch to the Weftern Ho- 
rizon, the Index points to the V1JI : 13% the lime of 
bis Setting that Evening ;— *-and his Amplitude of Rifing and 
Setting is now juft as much Northward, as it was South- 
ward on the fhorteft Day. 

Clean* Very right, my Euphrofyne ; and here again you 
obferve alfo, that the Sun now rifeson the fame Hour in 
the Morning, as it fet on the Evening of the fhorteft 
Day; and lets now at the Hour it did then rife: 
And moreover, that the Length of the Night now is equal 
to that of the Day then ; and the longeft Day now is 
equal to the then longeft Night. All which you fee is 
perfectly agreeable to the 1 heory. There are two or 
three Problems more worth knowing, relating to the Sun# 
to be refolved on the Globe by the Quadrant of Altitude, 
vhich you fee is fcrewed on to the Meridian, at the La«* 
titude of 51° 30', viz. that of London. 

Euphrof. Pray what are they, and how refolved by that 
moveable Quadrant ? 

Cleon. One is, to find the Sun's Altitude any Hour of 

the Day, for any Part of the Ecliptic, As fuppofe the 

Sun in the Beginning of Cancer, where the P.jtch now is $ 
and I would know what Height the Sun is above the Ho- 
rizon at Six o'Clock. — In order to this, 1 bring the Patch 
to the Meridian, and fet the Index to XII, as ufual * 

then 
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then I turn the Globe till the Index points to the Hour 
of VI, where I hold it faft, and lay the Quadrant over 
the Patch, and by it I fee the Sun is about 19 Degrees 
above the Horizon, which is bis Altitude at Six, for the 

Morning and Evening of the longed Day. Alfo, for 

the fame Day, you find his Altitude when be is due Eaft or 
Weft* thus ;— I bring the Quadrant to the Eaft Point of 
the Horizon, and turn the Globe till the Patch touches 
the Edge of the Quadrant,— which you fee is at the 31°, 
and that is the Sun's Altitude when due Eaft or Weft 

that Day. Things remaining as they were, you ob- 

fenre the Time (hewn by the Index, when the Sun is 
due Eaft or Weft, viz. VII : 21' in the Morning j and 
in the fame Manner, you will find it to be IV : 30/ in the 
Afternoon. — And thefe Things you may find for any Day, 
while the fun is in the Summer Half of the Ecliptic. . 

Eupbrof Yes, I imagine I can, Cleonicus ; — the Me- 
thod, by feeing you do it, feems pretty eafy. What 

other Problems remain ? 

Cluu. If by a common Quadrant, or other wife r I take 
the Altitude of the Sun on any Day, I can find by the 
Globe what Time or Hour it was ; thus — fuppofe on the 
j 2th of May, in the Forenoon, I find the Sun's Altitude 

to be 46% and would know the Time of Day, 1 

proceed thus: By the Calendar, I fee the Sun's Place, 
on the nth of May % is about 20° 30' of g ; and there 
I dick the Patch on the Globe* which I bring to the 
Meridian, and fet the Hour Hand to XII. Then I move 
the Globe and Quadrant fo together, that I caufe the 
Patch to touch the 46th Degree on the Quadrant, and 
then holding both ft ill, I obferve the Index points to IX : 
30% and that was the Hour or Time when the Altitude 
was taken. 

Eupbrof. This feems to be an ufeful Problem : — — — 
Which is next \ 

Cli9ti. By the Globe, you may find the Sun's Azimuth 
for any Hour of any given Day of the Year.— —Thus, 
let us take the laft In fiance of May 11th, at Half an 
Hour after IX in the Morning ; bringing the Sun's Place, 
8 20 g 30', to the Meridian, and fetting the Index to 
XII, I turn the Globe till the Index point to IX : 30', 
tod there hold the Globe ; then I lay the Quadrant over 

the 
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the Sun's Place, and it reprefents the Sun's Azimuth fot 
that Time, i. e. it fhews what Point of the Compafs the 
Sun is upon ; as in this Cafe it is upon the Point of 
(S. E. by E.) South-EaJ? by Eaft ; that is, 3 Points from 
the Eajl towards the South. You are alfo to obferve, that 
the Diftance between the Quadrant and the North and 
South Part of the Meridian is called the Sun's Animutb 
from the North or South ; and is reckoned in Degrees on 
the Horizon. But as this Problem is chiefly of Ufc to 
Navigators, we will pafsto another, , which more generally 
concerns all Mankind, and is in itfelf very curious* 

Euphrof What one is that, Cleomcus ? 

CLon. Concerning the Break of Day and Twilight s > 
It is found by Obfcrvation, that after the Sun fets, 'tis 
not dark Night 'till he is defcended about 18 Degrees be* 
low the Horizon \ and when he comes to that Diftance 
from the Horizon in the Eaft, the Day begins f dawn. 

Euphrof. This I long to fee you (hew by the Globe 1 
for that mult be exceeding natural. 

Cleon. And it will be the more fo, by fixing this Brafs- 
wire to the Horizon, encompaffing the Globe at 18 9 
below it; for this will reprefent the Boundary between 

Twilight and dark Night. Caft your Eyes, therefore, 

below the Horizon, and you will obferve, while the Globe 
is turned about, that the greatefl Part of the Ecliptic 
will go below the Wire, and fo will admit of dark Night | 
but fome of the northern Part does not defcend below the 
Wire, and therefore, while the Sun is in that Part, there- 
will be no dark Night. 

Euphrof Very good, Cleomcus ; I apprehend you very 
well -, but pray let me obferve more nicely, how much of 
the Ecliptic is excufed from that Boundary of Darknefs. 

Cleon. This you will beft do, if 1 bring the Beginning 
of Cancer to the Meridian below the Horizon ; and then 
you will eafily fee what Degree is cut off on each Side by 

the Wire. 1 have fet the Globe ; you may make the 

Obfervation, as I turn it about. 

Euphrof I will ; I obferve the Ecliptic firft touches the 
Wire on the Meridian, in the 2d Degree of Gemini on one 
Side ; and in the 28th Degree of Cancer on the other ; — ► 
and I fee by the Calendar, the Sun enters thofe Points on 
the 23d of Maji and 22d of July j fo thai for the Space 
of <>o Days or two Months there is no dark Night. 
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Cfenr. In the fame Manner, if you regard any other 
Point in the Ecliptic, and (lick a Patch on it, you will, 
by turning the Globe, eafily fee when it touches thd 
Wire; and confequently, if you fir ft bring the Patch to 
the Meridian, and then fet the Index to All, you may 
fie what Time the Day dawns in the Morning, and the 
TwMghi ends in the Evening of that Day the Sun is in 
that Part of the Ecliptic. 

Eupbrof. Let me try thi6 ? Suppofe the Sun in the 

Vimal Equinox^ on the 21 ft of March ; 1 bring that 

Point to the Meridian, and the Index to XII, Now 

I turn it Eaftwards till it touches the Wire, when I 

obfenre the Index points to IV, the Hour when the Day 

begins to dawn. Again, I turn it Weft ward till it 

touches the Wire, and the Index (hews the Hour of VIII* 
for the Time when Twilight ends on that Day. 
Well 1 this is a very pleafant Experiment, indeed ! 

CUm. The like you may do for any other Day :— 
I (hall only obferve to you, that fince the Sun rifes and 
fas on that Day at Six o'Clock, the Length of the TwU 

light is then juft two Hours. Thus you may find the 

Length of the fame for any other Day, by fubtra&ing 
from the Time the Twilight begins or ends, the Time 
of the Sun's Rifing or fetting that Day. -*-For Inftance* 
let us take the 2d Day of March, when the Sun enters 
the 1 2th Degree of Pifcei\ and there putting the Patch* 
bring it to the Meridian, and fet the Hour- Hand to XII 1 
and then turning the Globe till the Patch touches the 
Wire, I obferve the Index points to IV : 41/ in the 
Morning for the Beginning, and to VII : 19' at Night 
for the End of Twilight. Now on that Day the Sun 
rifes at VI : 38', and fets at V : 22', and the Difference 
of thefe Numbers from the former, is one Hour 57' for 
the Length of the Twilight ; which you know is but little 
k& than when the Sun is in the Equinoctial Point \ and 
jet it is now the fhorteft of any in all the Year, except 
on the 1 2th of Oflober % when it is exadlly of the fame 
Length. 

Eupbrof. This is a very curious Point. But, pray, 

bow long is the Twilight on the (horteft Day ? 

Clem, You will find the Twilight on the 21ft of Dc+ 
«»fcr ends at V : 59', and the Sun then fets at III : 47' 

Vol. II. E therefore* 
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therefore, the Length of Twilight muft then be 2 Hour* 
and 12'; which is 15' longer than in the lad Cafe when 
leaft And thus we have feen the Method of folving 

the Problems relating to the Sun on the Celestial 
Globe. We will, the next Opportunity, proceed to the 
Problems of the Moon 5 which I dare fay, you wilt 
think for the mod Part very pleafant, and entertaining* 
Bur, in the mean Time, I {hall make you a Prefent of z. 
Map of the Solar Difk, or Face of the Sun, for the 
Sake of giving you a clear Idea of the Spots or AfacuUe* 
which fo often appear in the Face of the Sun, and deter- 
mine its Motion about its Axis -, and though 1 have 
formerly fhewn them to you through a Tclcfcope, and 
you may have obferved them feveral Times fince ; yet 
have you never fo nicely obferved their Motions, and the 
various Mutations, or Transformations they undergo, a* 
to form a right Judgment of thefe curious Particulars, t 
have therefore felectod out of 26 Periods of their Motions, 
obferved and published by the accurate Hevelius, One* 
{viz, the 20th) which is the mod elegant of all, and 
bed adapted for your Purpofe. You will there fee the 
Courfe which is taken by two different Sets of Macula % 
over the Face of the Sun ; one of them below the Ecliptic 
D C A, and the other above it ; both which you wilt 
eafily obferve, arc oblique to the Ecliptic, and confe- 
quently, in their Motions defcribe Curves on the SunV 
Face, fomewhat like to the Parallels of Latitude, which* 
you fee on the terreftrial Maps, rhe Axis of which Mo* 
tion is reprefented by the Line B C E, which is diftant 
from the Axis or Poles of the Ecliptic F G, about 7$. 
Degrees, as you fee in the Solor Map. The Obferva- 
tion of thefe Spots was begun it) the Year 1644, and 
continued from the 3d to the 16th of May. Below the 
Ecliptic, the Spots obferved were two, reprefented by 
ds e, which were but juft vifible on the third Day, on 
the Eaftern Limb, or Margin. — On the fourth Day t 
they appeared as at the Figure 4. — The fifth Day, they 
were not viiible. — The fixth, feventh, and eighth Days, 
they were fomewhat increafed in Bulk.— The ninth Day, 
not vifible — 1 he tenth, and fdlowing Days, the Spot d 
is vaftly increafed in Bulk, with an irregular Atmofphere 
about it, and a dark central Spot.— The other Maculae #, 

continued 
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continued every Day much of the fame Magnitude and 
Appearance; but on the fourteenth, it fcemed to have ft 
fmall Atmofphere, mingling with that of the large one* 
On the fifteenth and (ixteenth, as they were fo near the 
tVeftern Limb of the Sun, their vifible Magnitude lcf* 
fened till they difappeared. — A great Variety of Trans- 
figurations may be obferVed in the Spots marked b, c t a 9 
in that Courfe above the Ecliptic, on the fevcral Day* 

of the Month there reprefented by Figures. 

Eupbrof I arh obliged to you for this Piece of nice 

Inftrufldon ; I (hall put it in a Frame with a Glafs before 

it, that I may have this mod wonderful and glorious 

Phenomenon always in my View. 



DIALOGUE VI. 

The life of the Celestial Globe in a Solution of 
Lunar Problems, or thofe which relate to the 
Motion and Phenomena of the Moon. 

Euphrofyne. 

I Remember, when heretofore we talked of the Moon, 
you faid her Path, or Traft in the Heavens, was not 
in the Ecliptic, nor was her Orbit conftantly the fame* 
but always varying ; how then can you (hew the Pro* 
blems relating to the Moon on the Globe ? 

Clton. The Taflc of inveftigating the Reafon, or Caufe 
of her variou? Motions, and framing a juft Theory 
thereof, was, indeed, an arduous one ; and referved for 
the great genius of Sir Ifaac Newton. But when once 
her Theory became eftabliflied, it was cafy to (hew her 
fatb, and her Place on the Globe, together with her 
Nodes t and their retrograde Motions, and the Solution of 
noft other Problems of the Moon by a very (imple and 
cafy Contrivance, as an Appendage to the Globe. 

Eupbrof. Indeed! Pray, what and how is that? I 
long to know.— • 

Clem. It is no more than a piece of Silk Twift, with 
its two Ends fo tied together, that, when put on the 

E a N Globe, 
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Globe, it (hall girt it very tight. — This is the Thing,,— 
and when I put it upon the Globe, it will there reprcfent 
the Moon's Way. 

Eupbrof. But fmee the Moon's Orbit lies acrofc the 
Ecliptic, how can you tell where, and how to fix it? 

Cleon. By an Ephemerisj (as Parker 'j, Weaver's, &c.) 
I can eafily find the Place of the Node> % or Points of the 
Ecliptic, in which the Moon's Orbit crofles it, for any 
given Time of the Year. By the fame Ephemeris, I alfo 
find the Latitude, or Angle which the Moon's Orbit 
makes with the Ecliptic for that Time ; but this en ths 
Globe may always be taken about 5 J Degrees, without 
any fenfiblc Error. 

Euphrof. Weil then, fince it is fo eafy a Thing, pray, 
Gleenicus, put on the Silk Cord to reprcfent the Orbit of 
ihe Moon, for the 14th Day of Auguft % 1759* 

Clan* I wiU — here is Parker's Epbenurh for 1759* m 
which the Moon's Place and Latitude is (hewn for every 
Day of the Month at Noon, and the Place of her Nodes 
for every fixth Day, as you fee in thofe Columns refpec- 
tively. — Thus, on the 14th Day of Auguft> the Moon's 
Place is in Taurus 8 10° 13%— her Latitude is 4 14', 
and her afcending Node Q in 5.° 4J' of Cancer s, and 
the defcendhig Node & is of Courfe in the oppofite Sign 
Capricorn ty>, — therefore I put on the Silk Line upon the 
Globe, in fuch a Manner as that it may interfe& the 
Ecliptic in thofe two Points. — Laflly, at the Diftance of 
90 Degrees on each Side the Node, I raife the String oa 
one Side, and deprefs it on the other, till it is si Degrees 
cTiftant from the Ecliptic. — Thus, you fee, the filken 
Path of the Moon reprefented for the 14th Day of Auguju 

Eupbrof. I do, and with great Satisfaction, as it gives 
me the cleared Idea of the different Paths of the Sun and 
Moon through the Heavens. But fince this is the Cafe r 
how is it r that the Moon is faid in the Ephcmeris to be in 
fuch a Degree of fuch a Sign of the Ecliptic ? 

Cleon. This you mull underftand is her Place, reduced 
from h«r Orbit to the Ecliptic, by a Line conceived to 
pafs through her Center to the Ecliptic, which is called 
a Circle of Latitude; and this is done by the Epbemeris- 
Makers for every Day in the Year. — Thus, forlnftancc, 
the faid Circle of Latitude paffing through io° 13' of 

Taurus, 
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g , will cut the filken String in a Point, which 
ill fliew the true Place of the Moon in her Orbit for 
xliat Day at Noon. 

£mphrtf. I vndetftand you perfectly well ; and fo, I 
Fbppofe, if I flick a Patch upon that Point, it will be a 
true Reprefentation of the Moon's Place, in order for 
Jfchc Solution of fuch Problems as relate to her Rifing, 
Settings 9f c. for that Day. — And therefore — 

Cletn. But hold, Sifter, one Thing you feem not to 
j-ecolleft, which is the large Space which the Moon 
jdefcdbes every Day in her Orbit, by which Means it 
'becomes neceflary to find her Place, not for the Noon of 
jthe Day, but for any Number of Hours, before or after* 
at which her Appearance is required. — Thus, for In- 
stance, fuppofing the Time of her Rifing on that Day 
was required, her Place mud be fought for about fix 
"Hours before Noon ; and for the Time of her Setting, 
icr Place rnuft be fought for fix Houts after. 

Euphrof. Ton do well to put me in mind of to necef- 
iary a Point. I well remember, you fhewed me, on 
.the Oxrcry, that the daily Motion of the Moon was 
about 13 Degrees at a Mean, but in the Ephtm&is lot 
jthe prqpofed Time, I obferve, that the Motion of the 
!Moon, from the Noon of the 14th, to that of the 15th, 
Is 14 6'* Therefore about a fourth Part of that Space* 
*ri%. 3 i6' f nauft be added to her Place, the 14th Day at 
JNoon* for her Place at Six in the Evening, which will 
make 13 25/ of Taurus b, where, I fuppofc, I may 
now ftick the Crefcent-Patch. 

C/fon. That will be the Place of the Moon for the 
livening of that Day, and by Means of the Crefcent* 
which you have placed under ner Orbit, juft below that 
Point of the Ecliptic, you will find her Phenomena for 
that Evening, much after the fame Manner you did thofe 
of the Sun, in regard xo its Rifing, Sating, South- 
ing. &c. 

Euphrof. So I apprehend : — But let me try how ready 
I am at the Pradice.— The firft Thing I have to do, I 
fuppofe, is to re&ify the Globe to the Latitude of the 
place, — and then to bring the Moon's Place to the 
jWeadiajL 
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Cleon. By no Means, Sifter,— It is the Sun's Place 

Iou are to bring to the Meridian, and place the Hour 
ndex at XII, and thus it will be rectified for your 
Purpofe. 

Eupbrof. If I knew how to do the Thing, I (hould 
jiot need a Tutor. — But I fee the Reafon of it at once, 
now you have fet me right. — Well ! let me proceed.— 
The Sun's Place J find in the Epbemeris for that Day at 
Noon is 2i Q 16' of Iw, which Point of the Ecliptic I 
bring to the Meridian, and there holding it faft, I fix the 
Hour-Hand to XII, and thus it is re&ified for that Day i 
Then I turn the Globe, 'till the Index points to the 
Hour of VI. — But I fee no Moon above the Horizon.— 
Of Courfe, I turn the Globe 'till the Crefcent comes 
into the Eaftern Part of the Horizon, where it (hews the 
Moon rifing at a few Minutes after X, upon the E. N. E. 
Point of the Compafs nearly, and about 21 Degrees of 
Amplitude North. — Am I not fo far right, Cleonicuif 

Cleon. You are very near the Matter : — But if you 
would be very exatt, you muft make ftiil more Allow-r 
ance for the Moon's Motion for 10 Hours, infteadof fix, 
which will carry her a little farther Eaftward, and make 

tier rife fomewhat later. 

Eupbrof. I fee the Neceflity of it, from what you have 
faid, and I was going to fay, that I had nothing now to 
do but to bring the Crefcent to the Meridian j but I obferve, 
that will take up 7 Hours Motion of the Globe, which 
lidded to the former 10, makes 17 Hours, from the Noon 
cl the former Day ; therefore * of the Moon's daily Mo- 
tion, or near 10 Degrees, muft be added to her Place 
|he foregoing Day, which will give the 20th Degree of 
Taurus 8 , in the Ecliptic, for the Moon's Place in her 
Orbit juft below, to which I muft now remove the Cref- 
cent \ and having brought it under the Meridian, I fee 
the Hour-Index points to about Half an Hour after Five^ 
for the Time of her Southing, on the 15th Day ; ancj 
this, I obferve, is confirmed by the Time of the Moon's 
Southing in the common Almanac, prefixed to Parker's 
Epbemeris. — Then next, I obferve, that in bringing the 
Crefcent to the Weftern Horizon, there will be about 7^ 
Hpnrs Motion of the Globe required, which muft like- 
^rjfe be allowed for in the Motion of the Mooln, which. 
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added to the former, make out the Motion of the whole 
Day, or 14 Degrees. — And thus I find the Time of her 
Setting -to be about One o'Clock on the 15th Day.— 
Hence alfo it appears by the by, that on the Day before, 
■or 14th Day, the Time of her Setting was about Mid* 
day. 

Ckan. I am glad to fee you are fo dextrose, sny 
Eupbrojync, at the Solution of Lunar Problems} and 
though they are not fo readily performed as tbofe of 
the San, yet are they, in their own Nature, more 
curious, and very eafy, with a little Pra&ice, by Means 
of the Epkemeris) and the rnoft difficult Part is now 
oyer. In the Solution of thefe Sort of Problems, there 
is alfo greater Variety than in thofe of the Sun; for 
here we may obferve, that as the Moon's Orbit makes 
an Angle with the Ecliptic, we enquire for the Lati- 
tude as well as the Longitude of the Moon, and you. 
obferre, in the Ephemeri^ that her Latitude, on the 
14th Day of A*gujt> at 12 o'Clock, is 4 14'. — 

E*phr$f. Very good ; I fee it is ; but what are thofe 
numerous Lines eroding the Ecliptic at right Angles 
all around the Globe, and others that run parallel to 
the Number of 8 on either Side, and what is their Ufe? 

Clum. They are called by Aitronomers the Ziduit, 
and they are drawn at the Diftance of a Degree front 
each other, and thofe which are perpendicular to the 
Ecliptic ferre to meafure the Degrees of Latitude tm 
the Motita and Planets, none of which ever deviate (b 
far as 8 Degrees from the Ecliptic; and therefore, 
wherever the Places of thefe celeftial Bodies are found, 
their Latitudes from the Ecliptic are by thefe Lines 
cafiry (hewn; as alfo the Longitude, and many other 
valuable Ufes are to be made of them, as we (hall 
find in our future Pra&ice. This Zodiac is one of the 
many great Inventions of the late Dr. HaUty % and has, , 
about 20 Years fipce, been placed upon Mr. Senetfs ce- 
Jeftial Globe, for xendering its Ufe more cxtenfive 
and perfed. 

Eupbrof. This «mft be a very great Improvement 
of the Globe, as I myfelf am Witnefs; fince, by thofe 
JLines, I fee the fame Latitude of the Moon exprefied 
*u> the Globe, as I do in the Epbemtris -, whereas, with- 

E 4 a* 
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out thofe auxiliary Lines, I could not have known 
what her Latitude had been, without the Trouble of 
meafuring it by the Degrees on a Quadrant of Altitude* 
■ ■■■ I likewife fee, at the fame Time, what Latitudes 
correfpond to the Place of the Moon in every Part 
of her Orbit, or Diftance from her Node, which muft 
be a very great Satisfaction and Pleafure to all Lovers 
of Aftronomy. 

Cleon. By Means of the filken String, you will be 
enabled, at all Times, to obferve the Declination of 
the Moon from the Lquinoftial Line, which will be 
fomctimes lefs than that of the Sun \ and be fometimes 
North, when that of the Sun is South, and vice vtrfa* 

Eupbrof. Well ! let me enquire what the Declination • 
of the Moon is for the 14th Day of Juguft at Noon. 
««*1 bring the Crefcent to the Meridian, and there find it 
under ii° 40', which therefore is the Declination for 
that Time. — Indeed, by this artificial Lunar Orbit, I 
can eafily fee, that the Declination of the Moon may 
be fometimes five Degrees greater, and fometimes fo 
many Degrees lcfs than that of the Sun. — I alio fee, 
that her Declination may be North, while her Latitude 

js South, and the contrary; and were the Lunar 

.Orbit to interfcft the Ecliptic in the Equinoctial Points, 
it would caufe the Moon to appear much nearer our 
Zenith, at fome Times, than ever the Sun has been 
feen; and to (hew her but at a fmall Diftance above 
the Horizon at other Times : — And fuch Appearances 
of the Moon 1 have really feen, and wondered, at the 
fame Time, how it came to be fo; nor do I yet fee 
the Reafon plainly, unlefs I can fuppofe the Nodes of 
the Moon's Orbit to change their Places, and at Times 
get into the Equinoxes. 

Clson. You have now hit upon the very Thing that 
caufes fuch a pleafing and wonderful Variety in the 
Lunar Phscnomeua. — The Nodes of the Lunar Orbit 
are not fixed, but con flan tly in Motion io a retrograde 
Manner ; /. e. they go backward, or contrary to the 
Order of the Signs, and at fuch a Rate, as to be every 
Year 20 Degrees more backward in the Ecliptic than 
before. This you may be eafily convinced of by the 
$tilvn\erii j for the Place of the afcending Node for the 
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firft Day of ycmuary, for the prcfcnt Year (1758), was in 
15* 51' of Cancer, and through every Month of the 
Year it retrogrades, till the laft Day of December, it is 
found in 27 tf 30' of Gemini ; and thus, in the Space 
of about ]8£ Years, the Nodes go backward through 
all the Points of the Ecliptic, and confequently, once 
in that Time the afcending Node will be in the Begin- 
ning of Ariet, and (hew the Moon nearer to, or farther 
from our Zenith* by 5 Degrees, than ever the Sun ap- 
pears; but, when it poffeffes the autumnal Equinox, 
the contrary will happen ; and there are few People 
that lite to the Age of 30 or 40 Years, but what mud 
remember to have feen this Variety of Lunar Altitudes, 
as they happen fo remarkably different, in the Space of 
little more than nine Years. 

Euphrof. I (hall not trouble you with it now, Cleonicus, 
but, for my own Amufement at leifure Hours, I (halt 
pat this Lunar Orbit into all its different Po fit ions, with 
regard to the Ecliptic, to fee from thence all the Variety 
of Appearance that can arife, with regard to her Aitw 
tudes, Rifing, Setting, &c. 

Cleon. Now you talk of her Rifing and Setting, I mud 
obferve to you, that there will be fomething peculiarly 
ftrange and entertaining refult from your Experiments of 
that Kind ; efpecially, if you enquire how thefe Pheno- 
mena will be circumftanced, in regard to the different 
Parts of the Earth, by rectifying the Globe to many dif- 
ferent and extreme Degrees of Latitude.— —One Phat* 
aotnenon of this Kind you have heard much talk of, 
nfnally called the Harveft~Moon, and fometimes the 
Shepherds, and the Hunters -Moon; which, ifyouremenvr 
ber, I told you I (bould referve for an Explication, 'till 
I came to the Ufe of the celeftisl Globe ; this being 
the only Inftrument by which it can be naturally repre- 
fented and clearly underftood. 

Eupbref. Nothing will be more grateful to me than 
the Explanation of a Phenomenon I have fo long defired 
to undcrftand, and which is looked upon almoft as a 
Prodigy among Country People. 

Clean. As much as this has amufed and furprifed many 
People, and as prolix and tedious as fome Difcourfes have 
fecen to explain it, ypu will find that there is nothing 
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ftrange or wonderful in the Nature of the Thing hfelf # 
and that it requires but very few Words to explain it, 
at leaft to the Apprehenfion of the Fair Sex.— —For 
this Purpofe, take your Globe, and re&ify it for the La- 
titude of England, and turn it about, 'till the two equi- 
noctial Points are m the Horizon, the Vernal Equinox in 
the Weftern Part, and the Autumnal Equinox in the 
Eaft. 

Euphrof This I have done \ ■and what follows 

then ? 

Cleon. You will then obferve, that the Ecliptic has a 
great Elevation above, or makes a very large Angle with 
the ibuthern Part of the Horizon, viz. about 62 Degree*. 
Now turn the Globe about, fo that the EquimQial Points 
way interchangeably poflefs the feme Parts of the Horizon 
as before, i. e. the Autumnal Equinox in the Weftern 
Point, and the Vernal Equinox in the Eaftern Point. 

Euphrof. This is eafily done ; — and I guefs what you 
have next to tell me.— -—Is it not to obferve how fmali 
the Angle is which the Ecliptic now makes with the 
Horizon? 

Cleon. That is the very Thing my Euphrofyne ; for 
en thefe two different PoGtions of the Ediptie, with 
refpe& to the Horizon, the whole Affair depends, which 
we (hall render more eafily to be undcrftood, by ezenw 
plifying this Matter m the following Manner.— In the 
firft Cafe, fuppofe there was a full Moon on the Day of 
the Vernal Equinox, — then I bring the firft Degree of 
Aries to the Meridian, and fet the Hour Index at XIL— • 
I turn the Globe, 'till that Point touches the Hori&on, 
and (hews the Sun Setting therein j — then yon will eafily 
wnderftand, that the Full Moon is in the firft Point of 
JLibra, and riGng in the Eaftern Point of the Horizon* 
and jail at Six o' Clock. 

Euphrof. All this I perceive very plainly. What am I 
to obferve next ? 

Cleon. You will now recoiled, that fince the Moon 
moves in one Day about 1 3*, therefore the next Day at 
Night, at Six in the Evening, the Moon will be ad* 
wanced to 13° of Libra ; and therefore, to (hew her 
Rifing in the Horizon, the Globe muft be turned about, 
JtfU that Degree of Libra appears in the Horizon j— -— 

then 
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then look at the Hour-Index, and you will fee it point to 
16 Minutes paft VII. — Whence you obferve, the Time 
of her Rifing is one Hour and a Quarter later than on the 
Equino&ial Day, or Evening before. 

Eupbrtf All this is very eafy ; and I prefume you are 
next to {hew the fame Thing, or the Difference in the 
Time of her Rifing for the other Equino&ial Day, 

Clttn. You rightly judge of my intention. — I bring the 
Point of Libra, which the Sun is now fuppofed to poflefo, 
and place the Index to the Hour of XII. — Then turning 
the Globe, I bring that Point to the Weftern Point of the 
Horizon* to (hew the Sun there fetting, with the Index 
pointing to VI. — Then in the Eaftcrn Point of the Ho- 
rizon, the Moon is rifing, at the fame Time, in the firft 
Point of Aries. — Then, fince the Moon will, by Six 
o'Clock the next Evening, have advanced 13° forward, 
I muft turn the Globe, till the 13° of Aries rifes ; — and 
I turn it, you fee, but a very little before the Moon 
appears*; for look at the Index, and you will fee it point 
ont the Time of her Riling, which is but about 22 
Minutes after VI. 

Empbrof. The whole Thing is now unravelled — By 
this Experiment, I at once fee the Nature of this Phe- 
nomenon*— The fmall Angle which the Ecliptic now 
mikes with the Horizon, is the Reafon why fo fmall a 
Motion of the Globe is neceflary to make the Moon. rife 
-after the fetting Sun. — But 22 Minutes Difference in 
Time now, and 76 in the former Cafe* — Hence it is 
very evident, that for feveral Nights about the Autumnal 
JSquinox, we are no fooner bereft of the Sun-Beams, but 
the Moon illumines the iky with her filver Light.— 
The contrary of all which muft happen at the Vernal 
Equinox, where fo large a Space muft intervene between 
the Setting of one Luminary, and the Rifing of the other ; 
and consequently, I am fully fatisfied from hence, why 
thofe lightfome, pleafant Evenings (hould occafion the 
forementipned Appellations of the Moon, as being fo par- 
ticularly ferviceable to Shepherds, Sportfmen, and People 

in the Harveft-Field. And I farther obferve, that this 

fmall Difference of Time between the Setting of the Sun 
and the Rifing of the Moon, in the autumnal Seafon, 
will be (till farther leffcned, when the Nodes of the Moo a 

arc 
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are in the Equino&ial Points, i. e. when the attending 
Kode poffeffcs the firft Point of Ariti\ for then the 
Moon's Orbit will be moil obHque to the Horizon, or 
make the leaft Angle with it. 

CUqu- Your Readinefe in apprehending the Reafon of 
ihefe Phenomena, fupcrfedes the Neceffity of infilling 
any longer upon this Subje£b. 

Your next Exercifc will be the Planetary Praxis, whicfc 
will afford you fiich InAr.u£tion, aa will be attended with 
equal Pleafure and Ufe, and be a convincing Proof, how 
jieccflary a Part the celeftial Globe muft be of an Ap- 

£aratus for the Education of young Gentlemen and 
•adiea. 



DIALOGUE VII. 

UToe Ufe of the Celestial Globe, iu the Solution, 
tf Problems rilatingto ^Planets and Co~ 
mets, exemplified in that which lately appeared. 

Cbonicus. 

THE prefent Hour f my Euphrofyne % is deftined for 
your farther Inftru&ion in the Do&rinc of pra£&- 
.cal Aftronomy. You know full iwell how ufeful the 
Celeftial Globe is, in the Refohitiou of fuch Problems as 
jelate to the Sun and Moon ; and you will now find k 
very eafy to apply that excellent Inftrument, in the fame 
Manner, to folve all fuch Queftionsas relate to the Pla- 
nets and Comets. 

Euphrof. I make no Doubt but I (hall ; and it is a par- 
ticular Pleafure to find, that Problems of fo fublime a 
Nature, admit of a Solution with fuch great Facility by 
the Globe. The happieft Invention fure that ever Mark- 
kind was bled with ! And it is no Wonder, when we 
fee thofe nobje InftramenU in the Study of every Gen- 
tleman aud Lady of Tafte. — With regard to the Planets* 
I prefume, there will be no great Difficulty ; but how 
ou are to inculcate the Ufe of the Globe for the Comets* 
am quite at a Lofs to guefe, as I have fcarcely ever 
fcwd fuxb a Thing, or ever find the Mention of it in thofe 

Author* 
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Authors you have recommended me to read upon the 
Subje£t. 

Clam. Never fear, my Eupbrefym, though the 
Subjeft be new, it is not difficult ; and you may have 
the Pleafurc of being the firft of your oex, to enjoy 
the Benefits of the Praxis on Cometary Aftronomy. The 
Comets are, properly fpeaking, no other than a very 
large and numerous Clafs of Planets, whofe Motions, 
performed in the Heavens, I have* already explained to 
you 3 and it is the Glory of the prefent Age to have the firft 
and fulled Confirmation of this new Species of Aftrono- 
my confirmed, as we may fay, by Experiment. I mean, 
by the return of that Comet, which 1 formerly told you 
was expelled, and which, during the Month of may 
laft (1758), made its Appearance above our Horizon, ac- 
cording to the Time calculated, and predicted by the late 
great Dr. Hallet. 

Eupbrof. The Novelty, as well as the Ufefulnefs of 
foch a Subjeft, mod give the higheft Fleafure to every 
young Tyro in Aftronomy.— The Return of a Comet 
has a Sound, great as the Event itfelf; and if I can 
be fo happy as to underfland by the Globe the feveral 
Appearances of fuch a wonderful Phenomenon, in 
ks Paflage through the vifible Part of our Syftem, it 
will be the Completion of my higheft Expectations. 
■ But, I fuppofe you will begin with the Planets firft. 

Cleon. Yes; but that will prove a fhort and eafy 
Talk, as you have been already inftrufled in the Man- 
ner of finding the Places of the Planets for any given 
Day in the Ephenuris \ and likewife, at the fame Time, 
the Manner of finding their Places in the Heavens, by 
an artificial Planetarium *, and their Pofitions and Af- 
pe&s with refpefl: to each other. The Ufe of the Globe 
for this Purpofe is only for the Sake cf Variety, and 
{hewing the fame Things, if poflible, in a more natural 

and eafy Manner. The firft Thing, therefore, that 

I {hall enjoin you is, to take your Paper and Patches and 
your Ephemeris, and lay them before you on the Tabid 

by the Globe* Then find each Planet's Place fepa- 

rately, 

• Set Dial. XIII. /. 85, 86. 87, •/ Vol. I. Part I. 
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rately, for the firft Day of Odober next.— Then ftici * 
Patch on each Planet's Place in the Ecliptic, denoting 

the Size of the Planets. And, laftly, rc&ify tbt 

Globe for the Hour of X, in the Evening of the afore* 
faid Day. 

Euphrof. This Problem, I fee, conlifts of four Parts* 
to each of which I (hall readily addrefs myfelf. 
Here are the Patches, in the firft Place ; ■ a nd here 

alfo the Part of the Ephemeris. Now, let me fee 

for Oftober % the ift Day \ I obfervc, in the Column of 
Saturn Retrograde (R). I find his Place is io Q 36' of 

Pifces (x). This Place I find in the -Ecliptic 

on the Globe, and there I (tick a large Patch. 

So far I am right, with regard to this Planet, Cleonicus. 

Clean. I fee you are extremely ready at finding the 
Planets Places. You want none of my Inftruftions, 
but may proceed in the fame manner to find the Places 
of all the reft on the Globe. 

Euphrof, In the next Column, I find Jupiter % 
poflefies 13 38' of Capricorn Vf 9 and becaufe he is 
the largeft Planet, I (hall put a Patch of the largcfT Sizcr 

on that Point of the Ecliptic on the Globe. In 

the following Column, I find Mars $ in 9 20/ of 
Leo\ in which Part of the Ecliptic on the Globe I 

ftick a fmaller Patch. In the next Place, Venus % 

I obferve, in 12 31' of Scorpio ; where I (hall place 

a Patch one Size larger. ■ And laftly, the little 

puny Planet Mercury J , is juft entered the 22 of Fir go. 
On the firft Minute of that Sign, therefore, I placef 
the fmalicft Patch ; and thus, 1 think, Cleonicus^ we 
have brought down all the Planets from the Heavens, 
and configncd them to their proper Places on the Sur- 
face of the celeftial Globe, for the Time appointed* 

Clean. You have performed this Part very accurately 
indeed. — Your next Bufinefs now is to rectify the Globe 
for the given Day. 

Euphrof, This I can foon do. • — I elevate the 

North Pole to 51 ° \ in the firft Column for Otliber> 

againft the ift Day, I fee the Sun's Piace in 7 58' of 
Libra, on which Point of the Ecliptic I ftick a round 
Piece of red Paper, to denote the Sun, and bring it 
to the Meridian, placing at the fame Time the Index 

to- 
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to the Hour of XII,— and thus the Globe is re&ified 
as yon require. 

a CtfM. It is fo. — And now nothing remains but to turn 
it round, till the Index points to the Hour of X at 
Night, and then you will fee which Planets arc vifible 
above the Horizon, and which are not ; alfo the Time 
when they rife, culminate, fet, t*tc. when they may 
k teen with a Telefcope, and when not 3 with many 
other nfeful Particulars. 

Eufhref. That is done* And now I obferve the 

krgeft Patch at the weftern Part of the Horizon, which 
flicws Jupiter near fetting at that time. — The next larger 
Patch, J fee, is a little on the Ea ft fide of the Meridian ; 
ty which I am informed, that the Plane! Saturn is, at 
that Hour of the Night, nearly South ; but as for the 
reft of the Patches, I fee none above the Hcrizc:, by 
*bich I am fatisfied they are ail inviGble bricw for that 

Time of the Night. 1 learn from hence, that Saturn 

then is m the beft Situation to be obferred by the Te- 
Jtfcope; and that Jupiter will be too low is the *::r.v- 
n**rc, and too near the Horizon to be wtil c^Vi^r, 
Wn at o'Clock. — I move the GWot to \s\-% 'j<r"i r 
•* the Meridian, and it {hews h::r. :V.i £-,-*., a/. Hilf 
*> Hoar after VI, on that DiT; it Ml uw'.** i 
*» Ac Planet Km letting,— and :Ht Pi;- v. /„V.'*rj 
"fagat Half an Hour after XII.— The Kiie: -5/* wj 

"fa about V, a little before the ran- Ar,d _? i4 I 

^inftantly fatisfied of the Ap^eartntt *? •:.'/> Yjlzj?\ 
for that particular Time ; and can «£ j r-> v^r, ;-.* 

any other — What is there farther to i* «« is :•-* 

planetary Praxis ? 

CZ/wi. Nothing material. One Thir-j; -air r«r \* 
obferved, that their Orbits do not «./:.ciC* V-. •-,•; 
Ecliptic; yet, as they deviate to focb final] Ifcittt^v::. r-jm 
^ it is not worth while to ccr.fider i'. in Yivj&., w ,z 

makes no fcnfible Difference en the Gl»e # V/ t 

• ■ .*•' * '- «■» »■ 

* But left any of oar Readers (hould have -i.. ', •>.'.-:-, -.■* 
performing thefe Problems according to cfceptg'e " m *\ u *- £ 
would chufe to reprefenc their Orbits hf a I.1«.m \- ~.t ; ^f 
Thread, as was direfted in the Cafe cf tie K>;i ,^ 
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therefore next proceed to the Comet, and your BuGneft 
now will be to learn how you trace the Courfe of a Comet 
through the Heavens, on the Snrface of a celeftial Globe, 
and to (hew the fame, during the whole Time of it4 
Appearance. Of this you will have an Example, fufli- 
ciently noble and inftru&ive, in the Comet which lately* 

made its Appearance. This Comet was feen at Befto* 

in New-England, in the Months of Oftober and November j 
1758, in its Return to the Sun, when the Orbit of tbfl 
Comet was but a fmall Diftance from that of the Earth) 
in the Part where they obferved it ; after which, it ap-* 
proached fo near the Sun, as to be loft in its Beams for 
fome Time, 'till after pafling the Perihelion^ it became 
again vifible in its retrograde Courfe from the Sun, towards 
the latter End of Match ; when it was feen* and obferved' 
by many Gentlemen in the lVejUlndks y and particularly 
by Mr. Brown at Jamaica* it was obferved, during the 
whole Month of April s and Part of May> whofe Latitude 
rendered it vifible to him, while it was for the greateft* 
Part of the Time invifible to us, by reafon of its fouthern 
Courfe through the Heavens. Thfc Gentleman has given 
us an Obfervation on the Comet, on the 31ft of Marcb % 
by winch you will eafily find its Place in the Heavens, 

on the Surface of the celeftial Globe. But firft, you 

muft reftify the Globe for the Latitude of Jamaica, 
which is 17° 30% as you will hereafter fee on the tcr- 
rcftrial Globe. 
■■ ..... 1. j 

neceflary to give here the Place of the Nodes, and Inclination cf 
the Orbit for each particular Planet for the prefent Time 
as below. 



! Mercury 
Ve*u$ 
M~rs 
Jupiter 
Saturn 

C Mercury 

The inclination } '. hUS 

of the Orbits oHtr;' „ 
Jupt.tr 

{^Su/urn 





e 


* 


*S * 


n 


14 26 


a 


18 30 


25 


7 20 


£5 


2 J 5O 


_- 


* 54 





3 2+ 


" 


1 5* 

! 20 

a 3? 


«^— « 



AND LADY's PHILOSOPHY 6; 

Ewfbrtf. As you give me the Latitude, I can as well 
rectify the Globe for the Latitude of Jamaica as for that 
ri England Therefore 1 bring 17* 30' to the Hori- 
zon, which (hews the Elevation of the Polo for that 
Pbce.— Then on the 31ft of March % I fee the Sun's 
Race is in io° 29' of Arits«r, which, therefore, 1 bring 

to the Meridian, and fix the Index to XII. Thus ic 

b rectified for the Noon of that Day. What is to 

he done next, CUimcus ? 

' Ctmr. At Five in the Morning, that Gentleman ob- 
fandthe Comet's Altitude was 22 50', and its Azi- 
muth 71 S. E. — By this, you will readily enough find its 
Place on the Globe, from what you have already learned. 
Eufbrof. 1 believe I fhall be able to afllgn its Place 

•Mi a little Recolle&ion. The Time was Hve in 

the Morning; therefore, I mud turn the Globe about) 

*tifl the Index points to the Hour of V. In the next 

Rsee, the Comet's Azimuth, it feems, was 71 ° from the 
Sooth towards the Eaft.— — This requires the Quadrant 
rf the Altitude to be fixed in the Zenith, — which I 
ha?e done —Then I bring the faid (Quadrant to cut the 
Horitoo in 71° from the South Point ; — and laftly, fince 
the Altitude of the Comet was then ^^ 50', under 7 that 
Point in the Quadrant will be the Comet's Place, where 

ofCoorfc I muft flick a Patch to reprefent it: And 

I think I am fo far right. 

Gwi. You are, my Euphrcfytit, right in every Parti- 
cular hut one.— Your Comet has got no Tail j but 

that we fhall dilpenfe with for the picfent. You have 

JB% affigned its Place for that Time, which you will ob- 
fcr?e to be-in the Z«/i*c, with about 3 N. Latitude from 

&t Ecliptic* and in about the 27 u of Aquarius. Now, 

fl«w me the Time that it rofe in the Horizon of Great 
Britain, on the abovementioned Day. 

Eupbnf. That I (hall inttantly do. The Globe is 

now elevated for the City of Lwhn.—^l next bring the 
Comet to ;he weftern Part of the Horizon, and find it 
there between Two and Three o'Clock in the Afternoon j 

therefore it could not be fecn in the Evening. Next 

I bring it to the eaftern horizon, and then ebferve, the 

Index points to 4.5' after III. This, therefore, w*s the 

Time of its Rifing that Day. But, pray, hyw came 

Vol. II. F tnf 
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the Britijk Aftronomers not to obferve it, or mention k» 
being fees at that Time in England? 

Cleon. This I cannot eafily account for, unlefs k was, 
becaufe the Sun was near the Horizon,, and caufed a 
Twilight, or Dawn, too ftrong for it to be obferved; at 
fikewife, the Vapours of the Atmofpbere might be another 
Reafon for rendering it incapable of being feen ; but it 
wa$ quite otherwife in the Latitude of Jamaica* where 
the Comet was high, the Sun much below the Horizon, 
and the Morning Dark at the Time of obferving it. — You* 
have thus found one Place of the Comet, and by finding 
one other, you will be able to reprefent the Trail whkb 
is. described in the Heavens between both* 

Buphref. For that Purpofc, I fu-ppofe, k will be »e- 
fgflgry* that ye* mention the like Observation made om 
the Comet at Tome other Time, and Place. 

Clew* That is a Point certainly neceflary, and I flatt 
give you ray own Observations for that Purpofe* whidb 
wore accurately made the 6th Day of May* at Ten in the 
Evening, by meafarmg its Diftance from two Stars, i». the 
Back o£ Hydra, which yon fee marked with the.two Grab 
fetters pu and * and by an Azimuth Quadrant, in Al- 
titude was fpund about i6° 9 and its Azimuth 37 g 8. W. 
from whence you will eafily find its Place on the Gibbet 
as in the foregoing Cafe. 

Euphrof. i (hall immediately fet abput k.- 1 elevate 

the Pole to the Latitude of London. The Sun's Place,. 

qn the 6ih of May* is 15° 35', which I bring to the 
Meridian, and fet the Index to XII.— -Then I revolve 
the Globe, 'till the Index points to X at Night 
The Quadrant of Altitude being fixed for the Zenith, I 
bring it to the 37 in the Horizon, from the South to- 
wards the Weft. And* laftly, under the 16*, on the 

Edge of the Quadrant, I put a fmall Patch, which muft, 
I prefume, reprefent the Place of the Comet where you- 
few it. 

Cleon. It will fo,, as nearly as any Thing can be. done 
on the Globe : — And you obferve the Patch is but a little 
above the two Stars juft now mentioned. 

Euphrof. 1 fee it very plainly : But how am I to draw 
the Path of the Comet after all this I 



AND LADY's PHILOSOPHY. 6/ 

Gun. You mult know, that the apparent * Path of (he 
Comet through the Heavens is pretty nearly a great Circle 
of the Sphere; ; and therefore, as you have two places of 
tbe Com? t reprefented on the Globe, by the two Patches* 
if you. bring the: Centers of both thofe Patches nicely 
ipto.the Horizon, you may, with a Pencil, draw a Line 
from one Patch to the other by, the Horizon, and that 
wHL (olerably well reprefent the apparent Place of the 
G#mr/, from one Time to the other} that is, from the 
31ft ol March to the 6th of May. , 

$*$'*/' T^ 1 * i w '" endeavour to do J— By raifing and 
depreffiqgr tile Pole, and adjufting the Patches towards 
the Horizon, I find the Problem not very difficult.——-* 
I have, , at length, brought them nicely to coincide'; one. 
in the eaftern and the other in the weftcrn Part of the 

Sorizpn -rrEromthe ca ft crn Patch, 1 draw a Line by 
c Frame of the Horizon to the; weftcrn Patch, and it 
fiews a* vail Tra£t of the Heavens, through which the 
Csnut. pafftd in fo Jhort a Time, viz. more than 150% 
which' (hews the Motion of the Comet to have been very 
ouick ; and J obferve, it pafled through the following 
VonRellations in its Way, viz. by the Tail of Capricorn, 
the tail of Pi/cis Aujlralh, by the Head of indus % the 
tfeel and Body of Pave, through the Neck of Apus, below 
Triangulum Auftralem, above Mufca, by the Lowermoft 
of the Crofiersj a-crofs the Hind Legs and through the 
Ti*7 of Centaurus ; from thence between the two Stars 
in the Back of the Hydra before mentioned ; after this, 
it pafled on to Sextans Urania, and then to the Ecliptic, 
near Cor Leonis, after which, you can better tell what be- 
came of it than myfelf. 

Cleon. Your Performance is excellently good, my 
Evpbrofyne.— Through thofe very Conftcllations, Mr. 
Brown obferved it to pafs from Day to Day, during the 
Month of April, as appears by his Letter, containing the 
Observations which he made, and are now publiflied 
for the Satisfaction of the curious +,— You will eafily 



• See the Print of the Comet's Path % taken from the Globe, 
in the Magazine for the Month of May, 1758* 

f See the Beginning of the Mi/cellanj for the lift Month- 
F 2 obfervt 
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obfcrvc from the Whole, that the South Latitude of the 
,€omet being fo very great, appears now to be the Reafon 
why we in England could not fee it in that Month ; and 
that it was juft about the Beginning of May, when it 
emerged again above our Horizon ; after which it regaled 
our Eyes with a faint Appearance, 'till towards the latter 
End of that Month, and gradually difappeared by its 
diftant Recefs. Thus much will be fufficient for 

fiving you an Idea of the Manner, in which the various 
*banornena of Comets may at any Time be reprefented on 
the Globe : Befides which, and the Cometarium heretofore 
defcribed, you may ftill receive a much clearer In fight 
into the Nature and Motions of a Comet, by confulting the 
feveral Prints which have been publilhed, with regard to 
the prefent Cornet^ and particularly that, in which the 
Orbit of the faid Cornet is elevated, and its daily Motion 
marked out, together with the Ecliptic, divided into all 
the Months and Days of the Year, which now you are 
very well qualified thoroughly to ondcrftand *. There is 
yet a farther Ufe of the celeftial Globe, that will afford 
you fotne Amufement; at leaft it will be neceflary, that 
a young Lady of your Tafte mould not be unacquainted 
with it ; I mean, the Solution of thofe Problems, which 
relate to the Stars, which I intend for the Improvement 
eff the next Opportunity. 



DIALOGUE VIII. 

TbeUsz of the Celestial Globe, in the Solv- 
. tion of Pr oblems relative to the Stars. 

Eupbrofyne* 

I Cannot help thinking, whenever I caft my Eye on 
the Celeftial Globe, but that it is an amazing £ffe£fc 
of Aft. He mud have had a very happy Thought, who 

could 



• TV* Pruts, here teftrred to, are a View cf the Solah 
System WOrbit of the Comet ; with its proper EievatUm, 
truly reptcftnting all its Jppta* anus for any Pari of the Tear. 

Mr 
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could firft contrive to reprefent, in fo natural a Manner, 
the vaft expanded Canopy of the Heavens, with all its 
refplendent Furniture, in fo fmail a Compafs as the Su- 
perficies of an artificial Globe. I have but one Objection, 
or rather, but one Thing to remark, and that is concern- 
ing the Form of the Globe. The Surface of the Globe 
is convex 1 and that of the Heavens concave ; how then can 
one be an adequate Reprefentation of the other ? 

CUon. This is very ingenioufly obferved, my Euphrofyne ; 
but you will fee the Anfwer is very eafy. There is no 
Difference, in Reality, between the convex and the con- 
cave Surface, any more than what the Metaplyftcians call 
Modal, and only exifts in the Form \ the optical Effe& 
of viewing any Thing, upon a convex or concave Sur- 
face, is the feme -to an Eye, placed in the Center thereof: 
£uppofe, for Inftance, you had a Sphere of Glafs, and 
your Eye was placed in the Center, it would be the fame 
Thing, if the Stars were marked with a Diamond on 
the external or internal Part of the Surface, 1. e. on the 
convex or on the concave Side ; and it is the fame 
Thing, in regard to the artificial Globe, to an Eye on the 
Outfide of it. For, if that Globe was to have Holes 
pierced through the feveral Stars, and the Globe properly 
re£Hfied for a given Time, an Eye, placed in the Center. 
would view the Stars in the Heavens through thofe Holes 
refpe&ively ; each Star in the Heaven anlweimg to its 
Representative on the Globe ; and therefore the Longitude, 
Latitude, and other ArTe&ions of the Stars, may all be 
determined by means of the Apparatus to the artificial 
Globe, and made to correspond exa&ly with what we 
obferved in Nature, or in the Heavens thcmiclvcs. 

Euphrof. You take a good deal of Pains to ini'orm my 
unexperienced Judgment in Things of fo fublime a Na- 
ture : — But to come to the Point : Is there any Difficulty, 
ariOng from any different Methods in folving Problems, 
relating to the Riung, Setting, Southing, fcfV. of the 

Tbo Print of the Comet in tbt Magazine for tbg Month of 
M*y» 175S ; ■ ami tbt Print, *ubicb *vi gavt to Mm! rati M*. 

Brown'j Letter in the laft Magazine. 

Set alfo the largt Print, intituled* The Wonders of the 
Cqmitaiy World difplayed, fcfr. 

F 3 Stars, 
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Stars, more than what you have already (hewn me, in 
regard to the Suri, Moon, and Planets? ' 

Cleon. Very little, my Eupbrofyne ; for which Reafon 
we (hall foon difpatch that A flair. You have already 
been fufficiently taught the Dodrine of the Sphere, and 
the Ufe of the feveral Circles, particularly the CircUs $f 
^Latitude, which belong to the Ecliptic; and therefore 
*rill here need no farther Defer iption \ and, Tdare fiy, if 
I require you to aflign me the Latitude and Longitude; 
the Declination, right Afcenfion, the Time of Rifihg, 
Southing, &c. of any particular Star, you will not need 
my Affiftancc for that Purpofc. For 1 example, you may 
try your Skill with the Star Arfturus \ one of the molt 
remarkable Stars of the firft Magnitude, in the Skirts 
of Bootes. ' 

Mupbrof. I am proud of the Talk you have fet me, and 
will give you a Proof of : my Proficiency in the bed 

Manner I can The firft Thing I have to do, I lam 

9 fibred, mud be to reclify the Globe for this Place; and 
fincc a Star is the Subjeft, and can be feen only 8t Night, 
therefore fome Hour of the Night muft be fupptifed, 
which (hall be Ten o'Clock this very EvenirJg.-—^- And 
now the Globe is re&ified for that Time. And here\ I 
fee, Bootes^ with his Courfers, and confecjuenUy, " that 

bright Star Arfturus. 1 remember you told me, if I 

brought the Pole of the Ecliptic to the Meridian', and 
fixed the Quadrant of Altitude over it; then, if I laid 
the Edge of the Quadrant upon the Phanomenm, (whether 
the Sun or Star) it would give me the Longitude, or Place 
thereof in, or reduced to the Ecliptic— By doing this, 
I find the Longitude of Arfturus is about 2d Q of Libra \ 
or 200 p from the ift Point of Aries ; and that its Lati- 
tude from the Ecliptic is about 30 .— Again, if I bring 
the Star to the Meridian, I obferve its Diftance frdm the 
Equino£Ual Line is about 20 Q 28', which is its 'De- 
clination Northward.-^— At the fame Time, I obferve 
the Meridian to c\xV the 21 1° 9', which is therefore the 
fight Afcenfion of Arfturus. 

Cleon. Admirably well, my Euthrofyne. — Now for the 
Time of its Riling, Setting, and iouthing, for the prcfent 
Pay, Auguft the 9th, ' * 

fcupbrof. That I will procee4 to ;-*— But firft, I muft 

look 
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look for the Day of the Month on the Horizon, againft 
vtick I fee 16 30' of £*, the Place of the Sun this 
Dfcr at Moon, which Point of the Ecliptic I bring to the 

Meridian, and fat the Hour Hand to XII. Then I 

am the Globe, till Ar&urut appears in the caftem 
ifcriam, and then the Index points out the Time of his 
ftifag, tws. IX o'CJock this Morning.— —I bring this 
Sur to the Meridian, and the Index pointing to V in the 
Afternoon, ihews that to be the Time of ks Soothing. 
— Laftly, I turn the Globe, trll ArRurus is in the 
wcftera Horizon, and the Index pointing to II, gives the 
Tins of its Setting To-mono w Morning.— ——The 
Aaplfoidc of its Rifing is near 34. to the North ; and 
6 much is the Amplitude of his Setting of Court. 

Chmu Yon arc fo ready in tbe Praxis of the Stars, that 
i hare fcttle more to obferve to you on that Head. It 
waj not he amils, however, to hint to you, that, when 
1 Star is fituate between the Ecliptic and the Equino&ial, 
k» Latitude «nay be of one Denomination, and its Decli- 
nation of another ; thus, for Inftance, Aldebaran in the 
ArfTs Eye, has South Latitude and North Declination. 
—Another Thing I may obferve to you, and that is; 
Awe is a Sort of Poetical Aftronomy with regard to the 
Stare; or, there is what we call the poetical Rifing 
and Setting of the Stars, which was much taken Notice 
of by the ancient Poets, Hiftorians, and Hufbandmen, 
(which you will readily obferve in the Writings of H*~ 
Jmiy Homer y Ovid, &c.) as it was the principal Method^ 
by which People, in that Part of the World, and in thofe 
Days, diftinguiihed the Changes and Diversity of the 
Scafons. Of thefe Rifiags and Settings, there were three 
Kinds, as follow. Firft, the Cofmkah Rifing of a Star, 
which is, when it rifes with the Sun ; but the Cofinicat 
Setting is, when it fets at the Time the Sun rifes. Se- 
condly, the Acrenieal Rifing of a Star is, when it rifes at 
the Time the Sun fets -, and the Acronical Setting- is, 
when it fets with the San. Thirdly, the Heliacal Set- 
ting of a Star is, when ic approaches fo near the Sun, 
as to difappear in its Beams ; and when it emerges front 
its Beams, or again becomes vifible, then it is fiud to rife 
Ueliacallj. 

F4 &K 
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But thcfc Things we (hall illu Orate hereafter. To be 
farther infifted upon at prefent would be mifpendiog of 
Time, and though you are well verfed in thoft Poets, 
yet, till you have learned their aftronomical Diftin&ion» 
of the Seafons, by the Riling and Setting of the Stars, 
and by the Globe properly conftru&eri to (hew them, it 
will not avail you to have any Examples of this £ort 
to pra&ife ;.but when you have that, it will opeik.a fine 
Field for your Phyfico^Peetical Speculation, and View of 
diftant Times. 

*Euphrof. I will make it my Bufineis to profcente 
that particular Part of Study, as I apprehend there will 
he fomething very curious:-— But what other Pxobkm 
am I next to praftife on the Globe ? . . 

CUon. One other, the moil considerable and eater- 
taining of all, and that is,- to (hew me the Face of 
the Heavens, or what ours will be vifibJe on the Hrft 
Pay of Qfiober, at IX at Night ? 

Eupbidf. Confidering the. Nature of this. Pipblfim* 
I find it is doing but little moie than 1 have done beiore.t 
but as it is of fo general and curious a Nature, 1 will 
proceed to it Step by Step. — — Fir ft, I tc£kifj the 
Globe to the Latitude of Lond9n\—~— then the Sun's 
Place tor that Day at Noon is 7 30' of Libr.a % which 
Point I bring to the Meridian, and fet the Hour-Index 
to XII.— Then I turn the Globe about, till the Index 
points to X at Night, — and there letting it reft, I fee, 
in one View, all the Stars which then appear above 
the Horizon ; together with all the Conftellations in 
which they are contained. — 1 his is a noble Problem, 
Clunieus, indeed! For, as by this, I (hall be able, on 
(he Evening of any Day, to reprefent the Stars vifible 
for any Hour of the Night, I can very eaGly learn to 
diftinguith the Conftellations in the Heavens, by tbofe 
on the Globe ; at lead, I (hall be able to remember, 
to what particular Afierifm any Clutter, or Afiemblage 
of Stars belong, which I at any Time view in the 
Heavens; Alfo, by this Means, I (hall imprint in my 
Memory the Idea of all the principal Stars ; efpecially 
thofe of the firft and fecond Magnitude, and (hall foon 
-fee able to call them all by their Names. 

CUon 
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Cbm. This is the grand Defign and Ufe of the 
celeftiai Globe, which is, as it were, the Primer of 
Aftronomy, by which our Youth are infttufted in the 
cdeftisl CharaQers, and taught, as it were, to read 
in the (tarry Heavens — There are yet other nobler Ufcs 
to be made of the celeftiai Globe ; one InftJhce I (hall 



me you in Navigation, the mod beneficial of all 
Sciences, which is, to find the Hour of the Night, by. 
having the Latitude of the Place, and the obferved Al- 
titude of a Star given. 

Ettpbnf. As 1 am not fo clear in this Problem, as 
in (bene others, I fancy, I had better fee you perform 
the Thing, than attempt it myfelf, left I (hould blunder 
about it. 

Cfewt. The Method is very eafy. Thus: — Suppofe 
in the Night, following the Firft of ORober, a Perfoti 
was to take the Altitude of the Star Bellntrix, and find 
it juft 30° in the Latitude of 51 ° 30'. 1 hen to find the 
Hour, nothing more is requiGte, than to redify the 
Globe for that Day and Latitude. — Then, I bring the 
Quadrant of Altitude towards the Star Bellatrix* in the 
Left Shoulder of Orion, (which is in the Eaftern He- 
jnifpbere) and then, moving the Globe and Quadrant 
fo together, till the faid Star comes exaftly under the 

30 9 of the Quadrant. Here I let the Globe reft ; 

and, if you look at the Index, you will find the Time 
is thereby (hewn to be Half an Hour after I. in the 
Morning. 

Eupbref. By the Manner of your performing this 
Problem, I fee it is very eafy, and will (hew tbe Houc 
of the Night by Land, as well as at Sea ; to which 
Purpofe, F (haU now and then apply it by Way of 
Amufement. 

CUsn, In all thefe Problems of reftifying the Globe 
for any particular Time, you obferve, among other 
Things, the Courfe or Polition of that remarkable 
P&DwmtJwr, called the Galaxy, or Milky fVay y among 
the Stars in the Heavens for that particular Time. 
Thus* for Inftance, on the Firft of Gftober y at X at 
Night, you will obferve the Galaxy to pafs exadly 
through your Zenith, or over your Head in the Heavens, 
and to cut the Horizon of Courfe at right Angles in 

the 
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the E. N. E. and W. S. W. Points of the Horizon; 
and it is very rare, that ever you fee it in fuch a 
Petition, as to divide the vifible Hemifphere into two 
cqtpl Parts; as there is but one other Time of the 
Vear in which yon can obferve it. 

Eitfbrof. This is a curiou* Affair, and I (halt dili- 

fently attend to fuch Appearances. ■ One Tbinf 

Mthef I have taken Notice of iince I have been intmd 
to the Ufc of this Globe ; and that is, that feveral of 
the Stars never fet in our Latitude, but are vifible the 
wboie Night; and, on the other Hand, that feveral 
Stars qnd Conftellations never appear above our Horizon, 
or are feen by us at aH. 

CUon. It is rightly obferved, my Euphrtfyw^ and 
the Reafon is evident from the very Edition of the 
Gipbe kfelf; fince all thofe Stars, which ape at a lefs 
Diftance from the North Pole than the Latitude of 
the Place, mad neceflarily circulate about the Pole 
above the Horizon, when on the North Part of the 
Meridian ; and, on the other Hand, thofe Stars, whofe 
Southern Declination exceeds the Complement of the 
latitude, can never appear above the Horizon, which 
you well remember in the Cafe of eke Gomel at- our laft 
interview. 



DIALOGUE1X, 

Of the Peecession of the E^tinox, Muta- 
tions 0/ Seasons, andjhe Celcftipl Pheno- 
mena, refulting from the retrograde Motion 
of 'the Earth 1 s Axis about that of the Eclip- 
tic, illujlrated by * v Nz\y Construction 
aid. Apparatus of the- Celestial Glo#e, 

Euphrefym. 

ISuppofe in the preceding Dialogue, you pretty well 
confidcrcd the principal Ufcs of trie ftcllated GJobe-s 
HOt that I am weary of. thefc celcftial. Studies ; if any 

Tbinf 
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Tfrne farther remains, I /hall be all Attention to under- 
Hand it. ' 

dm. There is only oqc Particular more of Confe- 
quence to be confidered, which is a Point of a very 
cninou* and fublime Nature. I have formerly mentioned 
Co you (bmet)iing of this Matter; when I told you, 
that the North otar, whofe Motion is now altogether 
bfcnlible, will, ip other Ages of the World, have z 
Motion like the reft of the Stars, extremely obvious, 
round other Points in the Heavens— In fliort, the 
whole Affair is this ; the Globe of our Earth has another 
Notion hefides thofe already mentioned, when we dif- 
courfcd of the Otrtrjt which is propedy a conical Motion 
of its ^xis about the Axis of the Ecliptic, by which 
Means! toe Poles of the World have a Motion about 
(bofe of the Ecliptic. This Motion is retrograde, or 
contrary to the Order of the Signs, and, in Confequence 
of this, not only the celeftial roles, but the Stars that 
are near them, and, indeed, all that we fee in tho 
Heavens, mud neceflarily appear, in Courfe of Time, 
to move forward. This Motion of the Earth's Axis 
backward is, indeed, very flow, being only at the Rate 
of about 50" in a Year, or i° in 72 Years; therefore 
to move through 360 , or a whole Circle, will require 
nolefs than 95920 Years ; and in that Space of Time, 
the Stars will all of them have an apparent Motion quite 
round the Heavens j from whence you will understand, 
that thole, who live in the different Parts, or Ages of 
this great Period, will neceflarily fee the Stars in different 
tarts of the Heavens ; for ilnce the Place of each Star 
moves forward one whole Degree in 72 Years, the 
Change of their apparent Places will be very evident in 
the Space of one Century, and therefore, from one 
Age to another, the Longitude of the Stars will be 
continually increafing, till they have completed one 
entire Revolution through the Heavens. 

Eupbrcl. This to me is a new Do&rinc, and as it 
conveys fuch wonderful Ideas, I Aiall think myfelf ex- 
tremely happy, if 1 can understand it by any Means, 
or mechanical Contrivance, applied to the Globe; for 
I obferve, you have made a Provifion of that Kind, as I 
foprp fee a Globe M'ith fuch Appurtenances as arc not 

ufual 
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ufual or common ; by which, I prefume, you are to 
explain this Phanomtnon to me, 

Cleon. That is the Defign of this new Conftru&ion, 
my Eupbrofyne. — There are federal Ways, by which' 
this Motion may be eafily reprefented to yon ; one is* 
by this new Difpofition of the celeftial Globe; othen 
you will fee hereafter.— 7'h is Globe is fo contrived, 
that the Poles of the EquinoQial are made to move at 
Pleafure round the Poles of the Ecliptic, and fo to 
reprefent the Face of the Heavens for any Time of that 
long Period above mentioned, namely, twenty-fix Tb$u- 
jand Tears. — The late Mr. Senex, among many other 
Improvements of the Globe, contrived this principal 
one : By Means of thefe Pieces of Brafs, which you 
fee on either Side of the Globe 5 in one End of each 
is a Piece of Iron, fixed and applied to the Brafs Meri- 
dian as ufual, to give the Globe a Motion on the Axis, 
or Poles of the World.-*-The other End of each Brafs 
Arm is applied to the Poles of the Ecliptic, in fuch a 
Manner as that it may be fixed, or moveable, at 
Pleafure. By this Means, the Poles of the World, 
or of the Equinoctial, may be placed in any Pofition 
about the Poles of the Ecliptic ; and as they revolve, 
they will defcribe a Circle of 47 ° in Diameter, about 
the faid Poles in the Ecliptic — And to make the Idea 
fiill more eafy and familiar to you, 1 have added to this 
Invention a movable equinoctial Circle with its Colures, 
and alfo a moveable Ecliptic ; whence, by a few Exam- 
ples of the Ufe of the Globe, thus furniflied and con- 
flru&ed, you cannot but underftand — how all the Stars 
mud have an apparent Motion forward in the Heavens ;— 
how their Longitudes and Declinations muft be con- 
ftantly altering ; — how various the Times of their Rifing 
and Setting muft be 5— how thofc which are vifible, in 
one Age, become invifible in another ; — the Change of 
Seafons through all the Months of the Calendar ; — and 
what is ufually called the Precejfwi of the Equinoxes by 
Aftronomers ; I fay, how all thefe great Phenomena 
are produced by this one fimple Motion, you will now 
fee explained by Example. 

Eupbrof. This will give me the greateft Plcafur^. 
Pray, proceed. 
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Clan. The firft Thing I do is, to loofen the Brafii 
Arms upon the Poles of the Ecliptic, by which Means, 
you fee how eafily I move the Poles of the World to 

any different Part, from where they now are. 1 will 

more each Pole one fourth Part, or 90° from the Po- 
fition tbey are now in, and there fixing the Brafs Pieces, 
the Globe will revolve on the Poles of the World in 
the lame Manner as before, and will exactly reprefent 
the Face and Appearance of the Heavens for that Time 
to come, or future Age, which is One-fourth Part of 
the forementioned long Period of Time: (t. e ) You 
now fee the Globe, as it will be rectified by the People 
who live 6500 Years hence.—— — Here the following 
Particulars you will obferve, (1) That the Elevation 
of the Pole is always the fame, the Latitude of the 
Place not being at all affe&ed by this Motion j therefore 
I ftill fet 51 30' of the Brafs Meridian to the Hori- 
zon. (2) You obferve, that the equinoctial Points, 
by this retrograde Motion of the Pole, has receded from 
the firft Point of Aries to that of Capricorn \ for there 
the moveable Equinoctial intercepts the Ecliptic. (3) 
From thence you learn, that, at that Time of the 
World, the vernal Equinox will happen about the 2 2d 
of December y the Time which is now our Mid- winter. 
(4) That, as the Equinoctial Points have moved through 
three Signs backward ; fo the Stars mult of Couxfc 
appear to have moved as much forward 1 that is, their 
' Longitude will be increafed 90°. (5) As the moveable 
Equinoctial now contains an Angle of 34 30' nearly, 
with the fixed or prefent Equinoctial ; fo the Declination 
of Stars will be much altered thereby ; (6) for thofe 
which had none before, may now have a Declination of 
any Quantity left than 34° 3c/. (7) Thofe Stars, that 
had South Declination before, may now have their 
Declination North ; and the North Declinations may be 
changed to South. Thus, at prefent, Cor L fonts has 
about I4 Q North Declination ; in that Age its South 
Declination will be greater : the fame you obferve of 
many other Stars. (8) Thofe Stars and Constellations, 
which are now always vifiblc, will then rife and fet. 
Thus Charles's lVain % or Great Bear* at prefent, never 
goes below, or near the Horizon j but in the diftant 

Age, 
9 
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Age, wc are fpeaking oF, it will be got almoft wholl^^ 
below the Horizon ; as you fee bj( revolving the Globe— — 

(9) On the Contrary, thofc Sfais, which now rife=^ 
and fet, as the Confteflations, Delphinut, Sagittd f Vu! : — 
pecuta, Andromeda, l$c. will then be conftaiuly vifiMe. 

(10) The prefent Pole-Star, winch has now no fenfib!<^- 
Motion, and is always nearly the fame Height aTjover 
the Horizon, will then appear to circulate round rtiej 
then Pole of the World, and will have a Difference or 
Altitude upon the Meridian, of full 64 30'. C ! .U— 
A Star, or Point in the Heavens, now between AcF 
Head and Right-hand of Cepheus % will then be tbfc 
North Pole of the Woild, and appear without Motion.- 
(12) Stars, \vhich are now altogether invifible to u^~ 
in the Southern Hemifphere, will rife above trie HdnzpriL 
to the View of that Age. Thiis Corona AuftidlU^ Indus ^ 
Grus f Phanix, Toucan y Pavo, Ara y and Lupus* wilf 
then be among the Number of vifible Conttellatioris^ 
which are all of them at prefent 1 invifible to us.! . On 
the other Hand, Cams Major, great Part of the Hfdreu 
Crater, &c. will then be invifible to that Age, which 
are now fo confpicuous above our Horizon. (13} In 
that Age, when the Sun pofleflTes the fame Part of the 
Ecliptic, the fame Stars will rife at a very different Time 
from what they now do. Thus, when the Sun is in 
the firft Degree of Cancer^ on the prefent MiJJummer- 
day, Cor Leonis rifes at about Half an Hour after Eight 
in the Morning ; but in that Age, it will rife at near 
Eleven, which will then be the Day of the autumnal 
Equinox. (14) The Amplitudes and Azimuths like- 
wife will then be very different from what they arc now.. 
Thus, at prefent, on Mulfummerday> Cor Leonis rife* 
on the E. N. E. Point of the Compafs ; but, in' that 
Age, its Amplitude wiil be South, near two Points 
and a Half. (15) You will eafily obferve, from all 
that has been faid, that the Seafons of the Year will 
have changed their Places in the Calendar; for the vernal 
Equinox will be on the 22d of December, Midfuirmir- 
day on the 21 it of March, the autumnal Equinox the 
22d of June s and the Midtile of Winter about the 23d 
of Scptcmbtr. Tbefe, and many other Particulars, na- 
turally and necefidrily follow from altering the PoCtion 
of the Poles of the World. 
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Rufbrof. It is really rcry wonderful, to confidcr 
l*ow many fdrprifing and important Changes Happen 
from fo fmall a Caufe, as one would think that to be :" 
I cannot but fay, thofe Things are very evident, by 
iVleans of this Apparatus ; but I believe, without it, 
X could never have attained to any diftinfl or clear Ideas 
of fuch a new and complicated Syftem of mundane 
Changes; and from this firft Example, I can plainly 
forefee, that, if you remove the Poles of the World 
backward, through another Quarter of a Circle about the 
Poles of the Ecliptic, thofe Alterations and Cbapges 
^rill (fill appear much greater than before, with refpc$ 
*o the Time, Seafons, Motions, and various Phacnomena 
of the heavenly Bodies. 

Get*. Indeed they will ; and you (hall fee by my 
.removing the Poles to the Places you mentioned, what 
an Afpe£k the Heavens will have in fo diftant a Period 

as 13000 Years hence. —The Poles are now fixed 

diametrically oppofite (on the other Side of the Poles 
of the Ecliptic) to the Place they at prefent poflefe ;— 
and now, as the Globe revolves, you fee what wonder- 
ful Mutations enfue ; for now that very Star, which is 
our North Pole, and appears fixed, will, in that Age 
of the World, appear to defcribe" a Circle round the 

then North Pole of 94° Diameter; that it will 

tranfit the Meridian at 8° 30' to the South of our 
Zenith, on one Part, and defcend fo low as to be within 

5* 30' of the Horizon on the other. T he 

Sealons of the Year are then diametrically oppofite to 
what they now are in the Calendar ; our Miifummtr- 
day will then be when the Sun enters the fiift Sign of 
Capricorn, and the firft Degree of Cancer will be farther 
diftant from the North Pole at that Time, and will then, 
be the Winter Solflice : Alfo, the Vernal and Autumnal 
Equinoxes will then have interchanged their Days.—— 
The Conftellations within 23 30' of the Southern 
Pole of the Ecliptic on one Part, will then be vifible 
above our Horizon ; as Mufca> Crofins, Apm t Trian* 
i*l*m Jv/iralfj &c. and, on the other Hand, many 
Stars of the firft Magnitude will then entirely difappear 
from our View, as Sirius, the Dog Star, Regel, thofe 
it* Orion % £///, will be Stars unknown, at lealt unfeen, 
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by the People of that Age, though, at prefent, they 
fhine with the greateft Luftre in our befpangled Canopy. 
— There will, like wife, be then the greateft Difference 
in the Declination of Stars ; as thofe which have now 
13° 30' of Noith Declination may then have juft as 
much South ; all which you readily perceive without 
enlarging farther on Particulars. 

Euphrof. This is, indeed, a mod noble Invention, and 
ttuft certainly be reckoned amongft the moft curious Im- 
provements of the Globe. 1 fee, by this Means, it is 
eafy to reprefent every pad and future Age to our View, 
with regaid to the ecleftial Phenomena. I make no 
Doubt, but the Learned can convert fuch a Dodrine as 
this to feme very ufeful Purpofes. If there be any fuch, 
that I could be informed of without too much Trouble, 
1 fhould be very glad. 

Cieon. The Ufes that are made of this Motion of the 
Earth are fome of them very confiderable ; for hence you 
learn at once, that, fince the equinoclial Points move 
backward, it will eafily account for the Motion of the 
Start and Conftellations forward. Thus, for Inftance, 
you fee, upon all the celeilial Globes, the Conftellations 
Aries, Taurus, Gemini, &c. are now removed to the 
Diftance of one whole Sign, from the Signs that bear 
the Names of thofe Animals. Thus, the Conftellation 
Aries is moved forward into the Sign of Taurus, Taurus 
into Gemini, and fo on. 

kupbrof. By this, I fuppofe, you would have me under- 
ftand, that, in fome A<ies paft, the Vernal Equinox was 
in that Part of the Ecliptic where now the Conftellation 
of Aries is, and that then, the Conftellation and its Sign 
were both of one Name. Pray, how long fince may that 
be, do you fuppofe ? 

CUon It was upwards of 2000 Years ago, at which 
Time fome great Men, who firft obferved the heavenly 
Bodies, lived •, particularly Hipparchus, from whom we 
learn the Equinoclial Colore pafled not far from the bright 
Star in the Head of Aries, — And to gratify your Curiofity, 
as well as to inform your Underftanding, I have here the 
Copy of a very antique Globe, found in the Ruins of 
antient Rome, and is now in the Mujevm of the Farnefian, 
Palace, as the moft curious Monument of Antiquity* 

Upon 
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Upon this Globe, you fee the various Afterifins as they 
were depi&ed by the Amients, and amongft them the 1 2 
Conftellations of the Zodiac ; all of them placed in their 
proper Signs, and near to the Beginning of them. Thus, 
you fee, the equinodial Colure pa fling through the right 
Horn and Foot of Aries, not far from the equinodial 
Point ; the folftitiai Col u res likewife pafs through Cancer 
and Cafrictrn, and not through Gemini and Sagittarius, 
as they now do ; and the fame you obferve of all the 

Euphrtf. I think, I may truly fay, this is one of the 
moft curious Things I ever faw.— One may learn from 
hence almoft the Age of the Globe. — But I obferve the 
equinoctial Point is removed backward from the Colure 
which pafles through the Foot of the Ram, whence it 
ihould fecm, that this Globe was made fome Time after 
the equinoctial Point was in that Colure. Pray, how do 
you conjedure concerning the Age of this Globe ? 

CLon. Probably we may reafon thus. The equinodial 
Colure (palling through the bright fctar in the Head of 
Aries, and its Foot) appears about 5 from the equi- 
noctial Point on the Globe, which, at the Rate of 50" 
per Annum, will give about 360 Years from the Time it 
had chat Situation, to the Time the Globe was made. 

• At very few of our Readers can have the Sight of this 
antique Globe and its Conftellations, tod thereby an Oppor- 
tunity of obfemng the Difference between that and the pre- 
feot celt dial Globe, we have thought it proper (to affift the 
Imagination at much as poffible) to add a Copper- pi ate Print, 
reprefenting the Conftellation of Aries on both Globes: 
Especially, as it will reprefent to the View the different Po- 
rtions of the equinoctial Points, with regard to that Conftel- 
lation; for in Fig. I. of this Plate, the Pofition of Aries is 
represented, as it appears on the antique Globe, in its proper 
Sign, near the Equinox ; but in Fig. H. the faid Conftellation 
is reprefented, as it appears on the modern Globe, removed 
from its own Sign into that of Taurus more than 30 from the 
eqainodial Point, by which n clear Idea of the Recefiion of 
Che Eqoinox is plainly exhibited to the View ; and this we 
thought neceffary Ihould be done, as it is a Subject of the 

reateft Importance and Confequencc in the Sciences. (Set) 

late XXXVI.) 
Vol. II. G The 
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The bright Star of Aries is now not quite 30° from tEe 
prefcnt equinoctial Point; this Point has therefore pro* 
bably receded through 2$°,- fince the Time this Globe 
was made; but 25° reduced to Time will give 1800 
Years for the Age of the Globe ; fo that it feems pro- 
bable, th\3 Globe was made about 40 Years before Chrift - 
to which if we add the 360 before mentioned, it w^W 
give 400 Years before Chrift, for the Time in which *ti« 
tfaid Colure pafTed through the bright Star of Aries \ 
but in fuch Computations we muft not (land for a fc*& 
Years. 

Euphrof You not only fhew me thefe wonder £«*l 
Things in Theory, but confirm them by real Fa£^"^* 
This antique Globe is itfelf a real Demonftration of -»'* 
your aftronomical Theory of the retrograde Motions *>* 
the equinoctial Points, and the mutable Phenomena <*** 
the Heavens depending thereon. Are there any othi^*' 
Ufes to which this Affair may be applied ? 

Clean. Yes; very great Ufes in Chr6nology. ; wh^** 
you are dextrous in the CJfe of this new conftrucl^*' 
Globe, you will be able, pretty nearly, to give a Gue& 
at the Diftance of Time in which any Poet or Hiftoria** 
lived, whom you find mentioning the Rifinj* and Setting 
of the Stars, the Places of the Equinoxes, Solttices, l$£~ 
becaufe you have nothing to do but to alter the Pofitiotr 
of the Poles of the World, till the Globe, by its Revo- 
lution, fhall give the fame Time of the Riling ami Set- 
ting of thofe Luminaries, and then the Diftance between 
the prefent equinotlial Point and that on your Globe, fo 
reftified, will, when turned into Time, give the Age itt 
which they lived. 

Eupbrof. This being a Thing of fo curious a Nature* 
and what, I apprehend, I can perform myfelf on the 
Globe, when I have fecn the Procefs by you, I don't 
know any Thing would be more highly grateful than 
your illustrating this Matter by an Example. 

Clem. It muft certainly afford you a pleafing Satis- 
faction, to know, from your Globe, the Age, or Time* 
in which any of our celebrated Heroes of Antiquity lived, 
and how the Face of the Heavens appeared to them ; and 
that you may thoroughly comprehend the Thing, I fhall 
give you for a Problem, to determine the Age and Time 
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of H5W, from a Paflage in his Poem, wherein he de- 
fcrihed the acronical Rifing of the Scar Arfiurus> in the 
following Lines : 

Wm the glad Sun, approaching with his Rays t 

Hts firm the Tropic run outftxty Days ; 

Arcturus, rifing from his f acred Bed, 

Isfirft difewer'ain his Eu'ning's Shade. 
Fromthcfe Lines it is evident, that in He/iod's Time, 
when the Sun had paffed ihe Winter Tropic, by the 
Space of 60 Days, and was then of Courfe in the He- 
ginning of the Sign Pifces, the Star Aid urns was rifing 

intheEaftat Sun-fet. But in the prefent Age, if 

you take the common Globe, and rectify it for the f/ati- 
tudcol Jfira, the Dinh Place of Hefiod % in Greece, whole 
Latitude is about 38°, you will find, when the Sun h ;s 
jaft entered Pifces, and is fetting in the we (tern Horizon, 
that there is no Appearance or Rifing of Arclurus in the 
Eaftj— but that Star will appear then at a great Diibnce 
bdo# the Horizon, and rifes not to the Inhabitants of 
Craw till near three Hours after Sun fet, on the 20th of 
FAmarj in the prefent Age*. 

• At there has never yet been any Print of this new 
Apparatus of the eclcftial Globe, I thought it would be very 
acceptable to the ingenious Reader, to have a View of the 
celeliial Glebe, as conftrucled with the faid Apparatus of 
moveable Poles, Ecliptic, Equinoclial, and Colures, rectified 
fir the Age and Bir Kphce of Hcfiod % agreeable to tbe above 
nerioned Exanip e. In the tit Fig. ofthis P.ate. is np:e- 
feoted a View of the eaftern Hemifphcre of the Globe. (hew- 
ing Ardurus rifing in the North-eaft Part of the H rizon, and 
in the 2d Fg. is a Reprefentacion of the weftern Hemifphere, 
flttwiog ihe Setting of the Sun at the fame Time that drclurus 
fifes; both thefe together exhibit a View of the Cancellations, 
fuch as they appear on the Surface of a Globe, 3 Inches in 
Diameter; and the Reader w 11 farther obfervc, that the 
Circles represented by two black parallel Lines are the Co'ures, 
Ecliptic, and Equinoctial, as they were pofitcdon the Globe 
in HcfiutTi Tirre; but the double dotted Line (hews the 
Equinoctial, as it is now placed on the prefer t Globes, and 
the fing^e dotted Lines (hew our prefent Tropics. By this 
Jfrans the Reader wtil eafily prrceivr \\* Difference between 
ihe Pofitions of the great Circles of the Glob? at thofe two dif- 
Cant Periods of Time, andconfequently, will thereby become 
more eafily inftruaed in the Rationale of the aj-vc /V..-;.-/;, or 
£ffe of this new conftruiUd Gh be. 

G 2 Euphrof, 
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Euphrof. All this I plainly underftand from the Ufc of 
the common Globe. — 1 mult readily infer from thence, 
that fome Alteration mud be made in the Difpofitkm of 
the Globe, that (hall (hew that Star riling in the Lati- 
tude of Greece ', when the Sun is fetting in the Beginning 
of Pifces.— Let me have the Pleafurc of feeing how that 
is performed. 

Cleon. As many Ages have patted fince Heftofs Time \ 
and, fince, I have before (hewn, that, in every 72 Years, 
the equinoctial Points go backward one Degree > you will 
find no Difficulty of underftanding that, in order to 
reprefent the Face of the Heavens for any Time paft, 
the faid equinodtial Points muft be moved forward, at 
the Rate or" one Degree for every 72 Years, till you arrive 
at the Time propofed ; and by this Means, the Pheno- 
mena of any Age defcribed may be foon reprefented ; 
fince, by moving the equinoctial Points, and thereby 
;iving anew Pofition to the Equator, and Signs of the 
Ecliptic, you will at length find them fuch as will ex- 
a£Uy anfwer to, and folvc the Appearances mentioned. — 
Thus, you fee, I loofen the Brafs Arms upon the Pole* 
of the Ecliptic, and gently revolve the Globe about them, 
till fuch Time I have made the Equinoxes advance for- 
ward in the Ecliptic to about 6° of Taurus \ — and there 
fcrewing the Poles faft, and re&ifying the Globe for the 
Latitude of Afcra, 38 , and bringing the Sun's Place in 
the Beginning of Pifces to the weftern Horizon, if you 
call your Eye on the Eaflern Side, you will fee ArQurut 
rifing \ and as this is the very Thing which Hejicd affirms 
he faw, it is evident that this was the proper Difpofition 
of the Globe ; or, that the Poles of the World, the 
Equator, the Equino&ial, and the Ecliptic, had the fame 
Polition then, with regard to the Stars in the Heavens, 
as >ou now fee they have to thofe on the Surface of the 
pre lent Globe. 

Euffbrof. 1 obferve nil that you mention with the higheft 
Satisfaction, and am readily convinced, that the Face of 
the Heavens, now reprefented, is the fame that was in 
Hefizd's Time. — But how do you infer from thence, the 
Number of Years that has fince elapfed ? 

Cleon. Very eafily * becaufe you will obferve, the 
equinoclial Point has been moved forward from the 

Place 



AND LADY f s PHILOSOPHY. l : 

Place where it now is, in the Beginning or J-ic. trrrrrs 
36° and 15' into Taurus, z^d for every D*rree rs cn;f: 
allow 72 Years i therefore 36I Degrees wij z?*z jlZ>z>z 
Tears, which is the Dirtancc of Time from hare, zxae 
fl^af lived, which was therefore 84c Years bsnre tbe 
Chriftian jEra; which makes him corteaipancT win 
Jris, King of Jfrael, and ^006 the P i ^ii^r, >rr-.«r»^ 
to our beft Chionologers. 

£^r#/. Well ! this is a moil deiighn c! Sounibr an* 
Difcorcry to me. I little thought any loch Ufc tvxuii 
bate been made of the Globe. 1 can icszt* herr fancy- 
ing myfdf living at that Time, as ercry Tcacr" spoors 
to roe io this artificial View, as it cii is'imx. jx. 
Reality. 

Cfa*. By another Paflage from H/Bzd, jv\ wll ««?■<• 
this Difpofition of the Globe farther cximsd, tr a&» 
fwer the Appearances of his Time. He ip, or racier 
lings, 

But when Orion and the Dog-fbr am* 
Tq tbe A£d-regimt §f the bietfnlj Dvn* % 
Tbt Morn, that bluflnng urtrjLi gSLsy z~* 2*jtr, r 
Beholds ArSurus in the u*ZLrJ*t L:. :.c. 
From whence it is plain, thai ia /fcWi I/ii-l vi*ii 
the three bright Stars in Ori&fi Be J wrrt »x * .u* iS*- 
ridian, Ar&urus then appeared io the ea^rrs. H/.^x .— 
and joft the fame Thing you fee «pon rr* <x:to» 
The Conftellation of ft7#;r is oa tbe iltrii . % — .t 
D$g-flar near it, and ArQuna upon the Niru>-r« : ?anr 
of the Horizon, all exacUy aoiwer ta Ji£&i'i -#>r *ai 

Delineation. 1 might farrher irxS cr v.yTi -- 'r vJ 

Problems, by pointing out tr,e psr^cur .SsJv-.i -.-' • » 
Years, with regard to the itars, «.» cr-Vin^ 17 r^i*i 
and other Poets. Thus in another Pin cf Hsy*i\ J -„-: - . 
we find the following Lines : 

Begin the Harveft a the Pleiads t:ji ; 
And take the Puugh % u,ten tiey TziuArcns, Ui I: r. j 
Ferfo r tj Days and Nights ibttr g^nagrtng L:?zr, 
Obfeur^d to us, no longer cbtar; ice izru. 
Here we have a beautiful Description of *Jl* Hi^s:^ 
Rifing and Setting of thefe Stars, and (Lews f.;w c.:- 
ferent their Plowing and Harvefl Seafzn: wczt \r-sz* '-*-'*. 
In like Manner, many other IUuftratkxis of y^~l 
G 3 Pacig» 
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Pafftgcs and Dcfcriptions, from fuch an Apparatus of 
the celeitia! Globe, m.iy be derived. — Thus, for In ft a nee, 
when I'irgil tells us in his Georgia, 

Around our Pole the fpiry Dragon glides, 
And like a winding Stream the Bears divides ; 
The Lefs and Greater , uhs, by Fotcs Decree ^ 
Abhor to dive beneath the Northern Sea. 
Now thefe Lines are much more properly applied to 
the Dragcn and Pole-Jlar in VirgiH Time than in our 
own ; becaufe the Drawn did then, in fome Meafure, 
encompafs the Pole, and divide ihc Pole from the Greater 
hear, as you eafily fee, by redlifying the Globe for the 
Time of l'irgil % which was about 1780 Years ago; at 
which Time, the Equinoxes were in 23 of Aries % and 
gave the North flar that Pofition, with regard .to the 
Bear and the Dra^on^ which he mentions ; but in ouf 
Age, the Noith Pole is fituated entirely without the 
Folds cr Windings of the Dragons Tail ; nor is it now 
between the Leff'er and the Greater Bear, as it was very 
exactly in his l)jys.— I mud leave you to improve 10 this 
fo luhlime a Praxis on the Globe at your Leifure, hav-f 
ing faid enough, I am well affined, to give you the 
general Rationale of Procedure in all fuch Cafes; and 
ihall conclude wiih the Words of an eminent Author, 
which are as follow : u But the Infpetlion of the Globe, 
" when it is fixed in a proper Pofition, will convey the 
44 bdfc Idea of all thefe Appearances ; for we derive this 
" Advantage from the new Construction of it, that it 
• c will enable us to place the feveral Phenomena before 
•* every Kye ; by which Means, thofc who have the 
44 Jcalt Acquaintance with thefe Studies, muft be greatly 
4 * fuiprifed, and pleafcd, to obferve the antient Accounts 
41 minutely verified; it is a Soit ot* living over again 
u the former Age?, allowing i° 23', 30" for every 1 00 

" Years, according to Flamjlcad" i (hall not now 

fi ggeft lome other Purpofes that might be ferved by this 
Ricthod. It is fufiicient, to recommend the Invention, 
that it throws fo much Light on the common ClafTics, 
and anfwers fuch very great Purpofes in Aftronomy, 
Hiltory, and Chronology, 
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DIALOGUE X. 

Of the Description and U s e ef the 
Terrestrial Globe. 

Euphrofyne. 

AS the manifold Ufcs of the Celeftial Ghbe % which in 
our former Conventions you have been fo good as 
to make me acquainted with, have fo much enlarged the 
Ideas of my Mind, and given me a rational Delight and 
Improvement, fo much beyond my Expectation, 1 gladly 
embrace the prefent Opportunity of continuing fuch ufe- 
fu! Speculations, though on a different Subject from the 
former. — Wenowdefcend from the fpangled Heavens to 
contemplate the variegated Figure of the Earth, and to 
obferve the Analogy between the real Globe on which 
we live, and that artificial one, in Miniature, which 1 
fee here on the Table. 

Clew. The prefent Minutes will, I hope, afford you a 
pleafant Survey, as well as compendious View of the 
fevcral Parts of our Earth, exhibited on the Surface of 
this terreftrial Globe ; and the firft Thing that I think 
proper to obferve to you here, is, the Form of it. 

Euphrof The Form, I prefume, will not require much 
to be faid of it, as it is evidently of a round, or fpherical 
Figure. 

Clem. It is fo, indeed, with refpect to the artificial 
Glebe y you here fee, which is as perfectly fpherical as 
Art can make it.— -But you are not to fuppofe, that 
the Figure of our Earth is, therefore, fo too ; for this is 
found, by Experience, to differ con Gderably from the 
Figure of a Globe ; in other Words, the Diameter of 
the Earth, at the Equator, exceeds that con fider ably 
which pafleth through the Poles, as I fhall farther ob- 
ferve to you by and by ; fo that the true Figure of the 
Earth is, what the Mathematicians call a Spheroid, and 
xiot a Sphere. 

Ettpbref. How then can this artificial Globe be an 
adequate Reprefentation of the natural One, Cltonicus ? 
Or* 'Why do you reprefent a Spheroid by a Sphere ? 

G 4 



f}? THE YOUNG GENTLEMAN 

.lean Tcu w'll eafily fee the Rcafon of that, when 
you coi.H'ter, !>at ihe Difference of 70 or So Miles is 
coniidg'StJ.e bttwu-rn the Diameters of the Earthy wbofe 
Dimcnfions are nearly 8000 Miles ; hut altogether incon* 
fidtrable and impeiceptible in the fmall Dimcnfions of a 
Globe, whofe Diameters exceed not 20 or 30 Inches.— 
Tis true, if Gentlemen, who are poflefled of large 
Fortunes, were difpofed to expend thole Sums of Money 
this Way, which are oftentimes, with great Profafioa, 
laviflied away on many ufelefs Subje&s, we might then 
expeft to have Globes of fuch a Size, as might fepfibly 
reprefent the Difference in Diameter, or the true fpbe- 
roidical Figure of the Earth. For this Purpofe, a Globe, 
ten Feet in Diameter, would fuffice : — On fuch a Globe, 
you would obferve the Ifland of Great Britain have a 
different Pofition, with regard to its Diftance from the 
Equator, than what it would have if the Globe was 
truly fpberical: — But thefe large Globes we can better 
fuftain the Want of, as their Ul'e is, in a great Meafure* 
fupplied by Maps, or Projections of fome particular Parts 
of the Surface, as we fhall hereafter fee; and, at the 
fame Time, (hew, that though the Neeleft of the true 
Figure of the Earth be excufable in Globes, it is, never- 
theless, unpardonable in Maps, where it may be fo eafily 
provided for, and where the Pofition, Diftance, and Di- 
mensions of Places fo evidently require it. 

Euphrof. 1 inuft ftay till then for farther Inftruclions 
in that Point — As to the Dimenfions of the Globe, I 
think, you obferve, it is near 8000 Miles in Diameter - 9 
but, pray, how do you find that by Expeiiment? 

Cleon. In this Manner, my Euphrofym. — If the Earth 
were a perfect Plane, you might go ever fo far North or 
South, without obferving any Alteration in the Height of 
the Polar Star above the Horizon ; — but if the Surface of 
the Earth be of a fpherical Form, you move in the Arch 
of a Circle, and, as you move, your Horizon will move 
through an equal Arch in the Heavens. — If you move 
northward, your Horizon will defcend below the North- 
ftar, and therefore that Star will appear to rife above your 
Horizon ; but, if you go diredlv South, your Hori- 
zon will defcend in the fouthem Part, and rife in the 
northern Part ; fo that the Diftance between the North- 

fta* 
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Air and the Horizon will be thereby lcflened, and this 
will be the Cafe every where. — Laftly, it is found, by 
Experience* that, if you go 69! of our Englijb Statute 
Miles diredly towards the North or South, you will 
elevate or deprefe the Polar- ftar juft one Degree; and 
fince there are 360 in the whole Circumference, it 
will produce 25020 Miles, for the Dimenfions of a great 
Circle on the Surface of the Earth, from whence its 
other Dimenfions may be cafily deduced. 

JZmfbrof. What you have faid, in regard to the Di- 
menfions of the Earth, I can under (land, without try- 
ing fuch a tedious and fatiguing Experiment. And I 
can, at the fame Time, perceive the Reafon why the 
Globe is thus moveable in the Horizon; becaufc the 
Pok-^ftar is, by this Means, elevated or depreffed, ac- 
cording to the different Part of the Globe, in which we 
are fuppofed to be. — And from thence too, I infer, that 
the Diftance which I am from the Equator mud mecef- 
farily be equal to the Height of the role- ftar above the 
Horizon, meafured in Degrees ; for, if I fuppofe myfelf 
at the Equator, then, of Courfe, my Horizon will pais 
through both the North and South Poles ; and, if I am 
fuppofed to be placed juft under the Pole-ftar, then my 
Horizon coincides with the Equator ; and confequently, 
wherever I am pofited upon the Surface of the Earth, 
the Arch of a Circle, which meafures my Diftance from 
the Equator, muft be equal to that which meafures the 
Height of the Pole-ftar above the Horizon* 

CUon. Tour Ideas are all very right, in regard to 
that Affair. The Latitude of the Place is your 

Diftance from the Equator, which, being always equal 
to the Elevation of the Pole, is the Reafon why, when 
you re&ify either Globe, you place the fame Degree on 
the North Part of the Meridian to the Horizon, as ex- 
prefles your Latitude from the Equator on the South 
Part ;—— and as you are already acquainted with the 
Nature and Ufes of the various Circles, I need only 
juft obferve to you here, that, with regard to the Hori- 
zon, there are but three different Pofitions of the Sphere, 
ua, The Firft is, a Right Pofetion. viz. when the 
Poles are in the Horizon, and the Equator and Parallels 
arc perpendicular thereto, or interceded at right Angle*. 

Such 
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Such a Pofition of the »Sphere have all thofc who lire 
under the Equator — Secondly, a Parallel Pofition of 
the Sphere is, when the Equator coincides with the 
Horizon, and the Parallels of Latitude are, of Courfc, 
parallel thereto : Such a Pofition of the Sphere yoo 
wculd have, if you were (as you juft now fuppofed 

yourfelf to be) placed under the Pole.— '- Thirdly, 

the Oblique Pcjition of the Sphere is that alone which is 
worth confidering, as being general to all the Inhabitants 
of the G'obc, except thofe before mentioned ; and is 
ft> called, becaufe of the oblique Pofitions of the Equa- 
tor* and its Parallels to the Horizon. But on thefe 
Things there will be no OccaGon to enlarge to you. 

Eupbrof. You make me a Compliment, CU aniens \ — 
but though it be true, thefe Things are not difficult to 
be underftood, and are almoft obvious by Infpe&ion ; 

?et a few of your geographical Definitions refpeding the 
nbabitants of the Earth, arid the Divifion of the Globe 
into Land and Water, will not be amifs, as I am now 

to form a regular Idea of this Science. 1 (hall leave 

you, therefore, to proceed in that Method which you 
judge bed for my Information. 

Clean. You may always depend on my doing that ; 
and, in the firft Place, it will be necefiary to obfervc, 
that the Surface of the Globe is divided into five Parts, 
or Zones , viz the Torrid Zor.e, the two Temperate Zones 9 
and the two Frigid or Frozen Zones, 

i. The Torrid Zone is fo called, from the Inhabitants 
being, as it were, torn fled, or fcorched with the Sun's 
Heat ; for this part of the Earth is all that, which lies 
between the two Tropics of Cancer and Capricorn ; and 
over which, the Ecliptic Line is obliquely pofited ; from 
whence you will eafily obferve, that the Inhabitants of 
this Zone will have the Sun perpendicularly over their 
Heads two Days in the Year, in paffing from Tropic to 
Tropic, in each Half of the Ecliptic, 

Eupbrof. I readily underfland you, and I farther 
ebferve, that fuch People as inhabit this Zone, may, in 
fome Senfe, be faid to have two Summers ; for fince the 
Sun, twice in the Year, pafleth over them, thofe two 
Days, in which the Sun is in the Zenith, will be their 
Mid-fummtr Days, and the two Tropical Days, are 

thofe, 
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tjiofe, in which the Sun will recede to the greateft 
Diftance from them, and therefore may be called their 
Mid-winter Days. 

Clem. At the fame Time too, you will underftand, 
that, when the Sun is vertical to them, they can, at 
Noon-day, have no Shadow ; in which Cafe, they were 
anciently called by the Greeks, Afcii, which imports the 
fame Thing. But, at other Times of the Year, they 
have their Shadows falling North or South of them, 
according to the Place of* the Sun in the Ecliptic ; and 
they are then called the Ampbifcii. — Alfo it may be ob~ 
ferved, that only thofe People, who live juft under each 
Tropic, have only one Mid-fummer, in which the Sun 
is vertical, or over their Heads ; they have alfo one 
"VVinter. only, viz. when the Sun is in the oppofite 
ifropic. 

Eupbrof. I find, from what you fay, that the Seafons 
of the Year very much depend on the Situation of the 
Inhabitants, in regard to thofe Zones ; pleafe, therefore* 
next to (hew me how they are circumftanced, who live 
in the Temperate Zones. 

Cleon. The Temperate Zones, are all thofe Parts of 
the terraqueous Globe, which lie between the Tropics 
and Polar Circles, and confequently, there is one of 
thefein the northern and another in ihe fouthern Hemfpbere, 
as you fee, they are eafily diftinguifhed on the Surface 
of the Globe. — As we ourfelves are Inhabitants of the 
Worth Temperate Zone, we find the Seafons of the Year 
in a temperate Degree ; our Summer Suns are at a 
Diftance from our Zenith , and we do not therefore ex- 
perience the greateft Force of his Beams. — Again, we 
are never without his enlivening Influence the Space of 
pne natural Day; fo that, upon the Whole, we mutt 
reckon our Situation the beft that the Surface of the 
Earth can afford ; efpecially, the Paradiftacal Situation 
of England, which is in the moft temperate Part of the 
Temperate Zone. 

Eupbrof. I have always thought, that England was, 
On many Accounts, a favourite Country of Providence. 
Our Sex have particular Reafon to think fo. The ardent 
Beams of the Sun, on the one Hand, in regard to our 
fporaplfxionf would be very unfriendly 5 and the Cold 

of 
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of remoter Climes would by no Means fuit the Tenderncfs 
and Delicacy of our Nature ; mod blifsful, therefore, is 
our Department on the Britijh Ifles* 

CUon. It was an ancient Obfervation, that we (hould 
think ourfelves almoft too happy, if we were thoroughly 
fenfible of all the comparative Benefits we enjoy above 

other Inhabitants of the Earth. Since the Noon-tide 

Shadows of the Inhabitants of either Temptrate Zone fall 
always one Way, they have been ufually called by Geogra- 
phers Heterofcii. — By revolving the Globe upon its Axis* 
you will fee, that by far the great ell Part of the habitable 
Earth is fituate in thefe two Zones. 

Euphrof. The very Name of the Frigid Zone is enough 
to make one fhudder. — Their Situation, diftant from the 
Sun, mud prove them a hardy Race of Mortals ; and yet, 
I have heard, there are fach to be found within a few 
Degrees of the Pole. 

Clean. You mean the North Pole, my Euphrofyne ; for 
about the South Pole, no Land has been yet difcovered 
within the Polar Circle, as you will fee, by calling your 
Eye upon that Part, and turning the Globe about at the 
fame Time. — As thefe Circles circumfcribe each Pole f at 
the Diftance of 23 30', (the fame Diftance as the Tropics 
lie from the Equator) it will follow, that, when the Sun 
is in the fouthern Tropic, it will be 90° diftant from the 
North Polar Circle, and confequently, all that Space, 
contained within it (improperly called the Zone) will be 
entirely bereft of the Sun-beams for one Day, or involved 
in Darknefs. — Alfo, as the Sun advances from Capricorn 
to Aries, the Parts within the Polar Circle will be more 
and more enlightened, and of Courfe, the intenfe Cold, 
occafioned by the great Diftance of the Sun, while in the 
fouthern Parts of the Ecliptic, will abate by Degrees, or 

become lets fevere. As the Sun advances from Aries to 

Cancer, it will appear to the Inhabitants of the Polar Re- 
gions to be wholly above the Horizon, as you gradually 
pafs from the Polar Circle to the Pole. — And, when the 
Sun is in the Tropic of Cancer, the conftant Heat, upon 
all thofe Paits about the Poles, will be exceflive great ; 
?nd thofe Parts of the Earth that are coldeft, at one Time 

of the Year, will alternately be hotted at another. 

But, upon the Whole, the Effetts of Cold are more 

durable 
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durable and prevalent than thefe of Heat ; and therefore, 
thefe Parts of the Earth ftill deferve the Epithet, or Title, 

which they bear. The Inhabitants, who live in thefe 

CircliS) have their Shadows fall all around them, when 
the Sun ceafes to fet in their Latitude, and therefore were 
anciently called the Perifcii. 

Euphr$f> What other Geographical Diftin&ions have 
you with regard to the Inhabitants ? 

CUon. Thofe which follow : (1.) Such as live diame- 
trically oppofite to each other are called Antipodes, as 
they arc 180 diftant from each other. The Times and 
Seafons will be contrary to each, /'. e. when it is Noon 
to one, it will be Midnight to the other ; and when it is 
Winter to one, it will be the Summer- Seafon to the 
other. They have the fame Latitude 5 but one is North, 
and the other South : All which is evident, by viewing 
any two fuch Places on the Surface of the Globe. (2.) 
Thofe, who live in two oppoGte Points of the fame Parallel 
of Latitude are called Perijeci. They have the fame 
Length of Day and Night, the fame Seafons of the Year, 
and, when it is Noon to one, it is Midnight to the other. 
This like wife is evident on the Globe. (3.) They who 
live under the fame diurnal Meridian, but in two different 
Parallels, equally diftant from the Equator on either Side, 
are called Ant-*ci. They have the fame Noon-tides, 
but differ in all Things elfe: The Nights of one are 
equal to the Days of the other ; and, when it is Sum- 
mer with one, it is Winter with the other : All which 
Particulars are too eafily obferved on the Globe to need 
any farther Account. 

Euphrof. Thefe Things I (hall make myfelf very well 
acquainted with by a little Practice. Is there any Thing 
farther for me to know by Way of Definition. 

CUon. It may be proper juft to mention, that there is a 
DiftincVion of the fev^ral Parts of the Earth, under the 
Title of Climates. The Geographers call that Part of 
the Earth, contained between two Parallels of Latitude, 
a Climatty in which the Length of the Days differs by 
Half an Hour^ of which there are of Courfe 24, on each 
Side of the Equator, all of a different Breadth from each 
other ; for, according to the different Obliquities of the 
Sphere, the Differences of Latitude will be unequal among 

them- 
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thcmfelves, that fhall produce equal Differences in the 
Length of Days. This is a Point, in which you will be 
cafily fatisfied, by a little Practice on the Globe > and 
particularly, you will obferve the Extent of each to be, 
as fpecified in the following Table , in the lower Part of 
which, you will find the Climates are differenced by the 
Space of a Month in the PoLr Circles, of which there 
are fix from the Circle to the Pole. 
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Evphrof If I underfland this Matter right, I find, by 
the Table, that the firft Climate ends at 8° 25', and, of 
Courfe, is 8° 25' broad; alfo, that the 10th Climate ends 
at the Latitude of 54 27', and its Breadth is 2 Q 29'; and 
becaufe 10 Half Hours make 5 Hours, thefe added to 12, 
make 17 Hours, for the Length of the Day, where that 
ClimaU ends, as (hewn in the 2d Column. 

Clcon. You have a very clear Conception of this Affair, 
which, in itfelf, is of no great Confequence ; but, as we 
ufually fpeak of the Climes, or Climates, of different 
Countries, it is proper, that every one (hould have fomc 
geographical Idea or Notion of the Thing. 

Eupbrof. You juft now mentioned the geographical 
Defcriptions of Land and Water. Thefe, I fuppofe, 
come next in Order ; and, in the firft Place, pleafe to let 
me know the Divifion, or Diftinclion of thofe Parts you 
call Land. 

Cleon. It is cuftomary with Geographers to make a 
Distribution of the Land into the following ClafTes. 

(1.) Of Continents, which are the large Tra&s of 
Land, including many Kingdoms and Countries, not 
any where fepa rated by the Sea, of which we may reckon 
five ; namely, Europe, Afia, Africa, North America, and 
South America. 

(2.) Of Islands : Thefe are Tra&s of Land every 
where environed with Water ; fuch as you fee here on the 
Globe, viz. the Ifland of Great Britain, Madagafcar* 
Sicily, Borruo % Nova Zembla, &c. 

(3.) Of Peninsulas: Thefe are Tra&s of Land 
furrounded by Water on every Side, but one fmali Part, 
which joins it to the Continent. Thus, you fee, on 
the Globe, the Country called Morea^ joined to Greece. 
Thus you fee alfo, Africa is a Sort of Peninfula, joined 
to Afta, by a narrow Trail of Land, between Egypt and 
the Red Sea. 

{4) Of Isthmuses: Thefe are the narrow Necks of 
Land, by which the Pemnfulas are conneded with the 
Continent : As the ljihmus of Corinth, which joins the 
Morea to Greece, as you fee on the Globe. 

(5.) Of Promontories: Thefe are large Heads or 
Capes of Land, which (land out into the bea ; fuch as 
the Cape of Good Hope, in Africa \ Cape Horn, in Ame- 
rica ; 
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rica ; Cape Finiflerre, in Spain, &c. which readily (hew 
thcmfelvcs on the Globe : And thefe are all the great 
Forms of Land, the Surfaces of which are diverfified 
with high and low Parts, commonly called Hills, Mono* 
tains, Vales, &c. of which there need no Defcription, as 
you have fo lately read an Account of the Alps, of Mnatt 
Vefuvins, and of the Pike of Teneriff, which are the moft 
remarkable in the World. 

Eupbrof. Thefe Subjects afford me the higheft Pleafure, 
even while I am a Novice in Geography. But, when I 
become better acquainted witn the Science, the Delight 
in Reading will increafe in Proportion : Therefore, next, 
pray tell me what are the Divifions of Water, which I 
lee covers fo great a Part of the Globe's Surface ? 

Cleon. The Proportion of Water to that of Land, is 
much about three to one ; or, in other Words, three 
Pacts in four of the whole Surface of the Globe are 
covered with Water, which are divided into the following 
Denominations. 

(i.) Oceans : Thefe are the vaft Collections of Wa- 
ter that furround the Continents, and receive different 
Names, according to the different Parrs of the World, in 
which they lie : As the Eq/iern, or Wefiern Ocean, &c* 
the Indian, or German Ocean, according to the Countries 
they are contiguous to. « 

(2.) Seas : Thefe are fuch Parts of the Ocean as lie 
between feveral Iflands, or Parts of Continents, as the 
Mediterranean, the Baltic, the Red and White Seas, &c. 
Alfo, thofe great Colleftions of Water, entirely furround- 
ed by Land in the Continents, are called Seas, as the 
Euxine, or Black Sea, the Cafpian Sea, &c. 

(3.) Lakes: Thefe are any fmaller Colle&ions of 
Water on the Land ; fuch as you here fee on the Globe, 
viz. the Lake of Geneva ; and particularly thofe tine, 
large, remarkable Lakes above the River St. Lawrence, in 
Canada, which are the Bafis of fo great a Traffic with the 
North American Indians. 

(4.) Gulphs: Such Parts of the Ocean as are a 1 moft 
furrounded by Land. It is in Form analogous to a Penin- 
fula -, fuch you obferve is the Gulph of Venice, the Red 
Sea, &c. 
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(5) Cue tits: Thcfe are thofe narrow Parts, or 
Arms of the Sea, running a little Way up into the Land, 
If they are wide and fpaclous, they are then Called 

(6.) Bays- Of which the mod remarkable and cafy 
10 be diftinguiflted on the Globe, are Hudfcris Bay, in 
North America $ the Bay, or Guipb, of Mexico ; the 
BtytfBifeaj', with -many others. 

(7.) Straits: Tbefe are fometimes called Chan- 
nels, which are thofe Parts of Seas that run between 
two Shores, or Coafts ; as the Straits of Gibraltar, the 
Brttift Channel, the Straits of Magellan, &c. 

(8.) Rivers : Thefe are large Streams of Water, 
which arife from feveral Fountain -heads, and run towards 
feme Like, or Sea, where they difembogue their Water. 
Such are the River Thames, in England; the River Nile, 
m ^Oft* the River St. Lawrence; the Danube, and 
uof others of very great Note; which you fee diver- 
Wjiaj the Surface of the Land, like the Veins and Ar- 
teries in the membraneous Parts of Animals. 

Efbnf. I (hall endeavour to retain all thefe Diftinc- 
tions and Definitions, by an Application to my Books 
and Globe. I fear you have exhauftcd your Spirits 

too much at prefent, and lhall with Pleafure difmifs 

you 60m any farther Attendance on me now. —I 

promifc myfelf great Satisfa&ion in our next Leifure, 
which you tell me is to be employed in a pra&ical 
Solution of the molt ufeful geographical Problems on the 
Globe. 
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DIALOGUE XL 

Contoimngthe Solution of the Principal Problem 
eti the Terrestrial Globe.* 

Cleonhus* 
A T our kft Interview, 1 endeavoured to prepare yo 
/jL Mind with every ncceflary Preliminary for under 
funding the right Ufe of the let re/trial Globe, and 

Jou are well acquainted with all the Circles, and 
fanner of reclifying the Globe for any particular PJi 
we may now addrefs ourfelves immediately to the Sol 
tion of fuch Probkmsy as will fufficiently fhew how 
rational, beneficial, and entertaining, the Ufc of thi 
fnftrument mud be, and how highly Mankind are in- 
debted to the firft Inventors of it. 

Eupbrof The very Pleafure of feeing the World 
§ne View, is not fmall ; it gives me fuch a drftinft a 
adequate Idea of the feveral Parts of Land and Wa 
that no Maps, or other Contrivances could ever equal. 1 
1 have rectified the Globe to the Latitude of L*ndo* y 1 
placing 51° 30' to the Horizon, which makes h read; 
1 prefume, for the Solution of geographical Problems, 
fray, which is the firft to begin with ? 

Clton. The Firft Problem ufually is, To find the Latiti 
sf any given Place ; and this is done by bringing the Plai 
to the graduated Edge of the Meridian, where its Diftan 
from the Equator will appear in Degrees. Thus, fu 
pofe I require the Latitude of JerufaUm 9 Pcterjkurgby an 
rekin % in China., 







* In this Dialogue* I (hall give the Solution to geographic 
Prtblemsy as they are performed on the T err tji rial Globe of if 
ufual Form ; the Examples here are accommodated 10 thofe 
Mr. Ser.ex's Make, particularly thofe of 12 and 17 IncF 
Diameter ; but in the following Dialogue, the Reader * 
find, that the fame Prob'ems will receive a much more nator 
Solution, or Reprefentation, from a new Conftruclion ac 
Apparatus of a nine Inch Terreftrial Globe, which is mov< 
by Clock-work, and by which the general Rationale of 
Problems pertaining to both die Globes will mod evideac 
appear* 
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Efpbrof. This I think I can cafily perform. — Jeru- 
fif**m 9 I find upon the Globe, and placing it under the 
Afer-itija,,^ \ obferve its Latitude 32 00' N. from the 
^tf****r. — Again, I find Peterjburgh, in Ruffta, juft in. 
* e Parallel of 6o Q oo'— And as for Pekin, in China % 
w hei* I bring that to the Meridian^ I fee it lies juft under 
t ' lc ^.O Q oo / ; and in the fame Manner, I could tell you 
*[jc Latitude of every other Place that is marked on the 
^'ol>c. — I fuppofe the next Problem will be, of Courfe, 
** S**idtbe Longitude of a Plate, 

Girnn. It is certainly fo, as it is fo clofely connected 

^**H the Latitude, — To do this is nothing more than to 

^J™^*"^ what Degree of the Equator is interfered by the 

£**"~*dftfi7, when the given Place is brought to it — And 

" Cr ^ I mod obferve to you, that the Degrees of Longi- 

**?<*« on all Mr. Senex's Globes are reckoned froii that Me- 

P* °»j which paflfeth through Linden, (and which is 

^lu^]] v called the First Meridian) thefe Degrees of 

f^^gitude are reckoned to 180 on each Si .c of the firft 

'^^ vidian towards the Eaft and IVeft. 

j. *££ufbr*f. I understand you, and obferve the firft Meri- 

wJ2^ I ou fpeak of. When I bring Jerusalem to the Mr- 

^T*«r, it cuts the 36th Degree of Eaft Longitude on the 

Tmesis — Pekin being brought to the Meridian, cuts the 

^^th Degree as before. After the fame Manner, I 

i*^*^nre, that any Place which lies Wcftward of us, 

?^* *ig brought to the Meridian, both the Latitude and 

j^^^gitude thereof will inftantly appear. Thus, Pcrt- 

j-^3m/, in Jamaica, being placed under the Brafs Meri- 

*^*f, is (hewn to have 17^ 30' Latitude N. and its Lon- 

*** *ide will be (hewn to be 77 * 30' Weft from London. 

^^<3f«r. Jn all this you are very right. — ATbird Pre- 

Jj!* 9 * ia, Having the Latitude and Longitude given, to find 

***m Place en the Globe. 

w JLupbrof. 1 his I apprehend is nothing more than the 
5^^verfe of the foregoing Problem. — Thus, fuppofe 1 find 
** a Gazetteer, or Table of Latitudes and Longitudes, 
***at Jefufalem was in 30 00' of North Latitude, and 
2t6° 00' of Eaft Longitude; — then I bring the 36 of 
"longitude to the Edge of the general Meridian, and I 
^*n fure to find tbc City of Jerufalem under the 32 De- 
cree of Latitude on the faid Meridian.— Again, If I 

H X know 
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know the Longitude of Pirt-Riyal to be 77° / W« 
of London* and to have 17^ 30' of N. Latitude, the 
by bringing thefaid Degree of Longitude to the Merifa 
I obfervethe Town jufl under the given Latitude. 

CUon. Very good, my EuphrQJyne. The Foot 

Problem is, To find the Diftame bitiveen two given PI* 
an the Globe in Engitfb Miles T as for In fiance, bet wee 
London and Jerujdtem.— — To effe£t this* you fcie 
the Quadrant of Altitude to the firafs Meridian* wi 
its Edge to 51 30', the Latitude of London* 10 whii 
Point you bring the City of London* where let the Glo 
Fed ; then lav the graduated Edge of the Quadrant up 
the given City, and you will fee upon the Quadrt 
32 30', which, by allowing 69 Miles and a half tfl 
Degree* will amount to near 2259 Miles. 

Euphrof. The Praxis of this Problem m very ea 
and will, at the fame Time, exercife me in the lit* 

Skill I have in the Rules of Arithmetic. But 1 

me fee, if I can find the Diftance from London to P$\ 
RoyaL— — The Globe remaining as before, I bring t 
Edge of the Quadrant to the Place, and 1 obfervc it 
6q<* from London* which multiplied by 69$, gives 479 

Miles. Thus, I can fatisfy my Curiofuy at a 

Time, in regard to the Did a nee of any Part of t 
World. Pray, what is the Fifth Problem? 

CUon. To find the Point of the Compafs* on which c 
Place bears from London ? 

Euphrof. I need not give you the Trouble of (he 
kig me how to perform this Problem ; for it is felf-e 

dent. Per, as I fee the Compafs on the Horizo 

when London is brought te the Meridian, and t 
Quadrant laid over any Place, k ftews, at the fai 
Time, the Point on which that Place bears from Lend 
— Thus, the Quadrant* laid over Port-Royal* fhewa 
to bear nearly on die Weft Point of the Compafs.— 
laid over Jerusalem* k cuts the E. S. E. Point of t 
Compafs lor the Bearing of that City. — The Quadn 
removed to Pekin* io China* (hews it to bear within 
Degree or two on the N. E. Point of the Compafs. 
This is a Matter of no fmall Curiofity, which 1 lb 
pra&ife for many other Places at my Leifure* What 
the next Problem*. Clconicus i 
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Cbt. The Slxfb Problem is, To find all tbsfe Places 
thtf beat the fame Lautule and Longitude *wnh a given 
Tltet. 

Ekfbref. Tills, again, re fo eafy at firft Sight, that 
I wonder yju learned Gentlemen (herald make any 

fnUas of "it. For it is only bringing the given 

Place, as Peking for Inftance, to the Meridian* and 
all thofc Places that lie under the Southern Hjlf of the 
Meridian, muft, of 'Courfe, have the fame Longitude. 
*— — After this, if I turn the -Globe about, it is 
ciident, all thofe places which pafs under the fame 
Point of the Meridiem with Peiin 3 muft have the fame 
Laritode. 

Qeuu You will find «fome Problems ^ 'by and bj % 
that you may ihink fufficient to exercife your geographical 
Genius; though by you rhey may be efteemed only 

Paitime. l*4ie Seventh Problem is none of the molt 

difficult, and you rmift let me fee rf you can doit without 
»fDire£Kon/ It is, To find all iheft Places where it is 
Afar at any given Hour of the Day> in any Place prcpofed. 
For Example, you arc to find m what Places of the 
£anh k is Noon, when it is Nine in the Morning at 

£*pb'*f. I believe you have now puzzled me.— Muft 
not I begin with finding the Sun's Place ? 
Oan. No, my Euphrofyne % all Problems of Time 

«tonot require the Sun's Place to be known ; but 

•finee you tacitly afk my AiEftance, yoti will readily 

find jt. Therefore proceed as follows:—: Bring 

London to the Meridian* and fet the Houx- Index to 

the given Hour IX in the Morning. Then turn 

the Globe about, til' the Index points to the upper XII. 
— — Then fee what Places lie under the Meridian ; 
for in all thofe Places, it will be Noon at the given 
Hour. 

Eupbrof. Well, this is a pretty Problem ; let me praftifc 

•if in the given Example. 1 bring London to the 

Merid\an y ~ fet the Index to IX, and then 

turning the Globe, till it points to XU, 1 obferve, that 

the middle Part of Ruffw, Circafiia, the middle Parts 

•of Arabia^ and Madagafcar, all lie under the Meridian ; 

H 3 t* 
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to all which Places therefore it mult be Twelve o'CJocrfc* 
or Noon, when it is Nine in the Morning with us. ^ 

Qeon. The Eighth Problem is but the Reverfe &* 
this, viz. when it is Now at any one Place, to find wt?^* 
Hour it is at arty other given Place. And therefore 5** 
the Solution of this, you will readily know how *&* 
proceed. 

Eupbrof. Yes, furely I do «- SuppoOng it NoC^** 

at London, I can tell what o'Clock it is at Jerufalem %*E>* 

Inftance ; for, if I bring London to the Meridts^^* 

and fet the Hourr/W** to the upper XII; then fc^y 
revolving the Globe, till Jerufalem comes to the ftf*^~ 
ridian, i obferve the Index point to II. 3c/. But, ^3»* 
this is on the weflern Part of the Hour Circle, it fliew J^» 
that it is about Half an Hour after Two in the Afte- **" 

noon, Again, for a fecond Example; if I toe ** 

the Globe till Port-Royal comes to the Meridian, t\rm C* 
Hour-//;*/?* will point to VII. nearly, which flieir^s 
that ir is Seven o'Cloclc with them at Jamaica, wbe^*i 
it is Twelve at Noon with us.— —Again, for a thh*""^ 
Example, I fhali reverfe the Problem^ and bring iW^*» 
in China, to the Meridian, where, holding it faft, * 
place the Worn -Index at XII ; then I bring London ^° 
the Meridian, and find thi; Index point to Four o'Clo^"^ 
in the Morning Such Problems as thefe arc ?e^TT 

entertaining. What is your Ninth Problem ? 

Clem. By your laft Example, you have robbed Ger^>* 
graphers of one Problem, and, by the fame Freedor^ 1 * 
you might as well have taken that w hich follows, whi^^*\ 
we may now call the Ninth, viz. For any given Hour *f 
the Doy, in the Place where you are, to find the Hour <*& 
any other Place ? 

EuphroJ. This, indeed, is hardly worth confiderhr^S 
as a feparate Problem. — For, when it is Five o'CJo^^*^ 
with us, in the Afternoon, if I would know wh* ^ 
o'Clock it is then in Port Royal in Jamaica* I need on Mz 

bring London to the Mtridian. Set the Hour r /jw^*~~ 

to V, on the Weft Side; then revolving the Glob 

till Port-Royal comes to the Meridian, the Index poir 
nearly to XII. — -This fhews, Cleonicus, that when ^^'JT*- 
fit down to Tea at Six, they begin to think of th^*? 
Dinner at Jamaica. 
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.dm. Thefe Problems, I fee, you are fufSciently 

ttady at. 1 believe the Tenth will be very agreeable 

to job, which is, To find all th$fi Places in the Torrid 
tm, U which the Sun is vertical for any given Day. 

Etpbnf. In the Solution of this Problem, I forefee 
jour Diredion will be neccflary. Pleafe to fay how I 
ouft proceed. 

Cm. Let the given Day be the 20th of jfpril; 
flppo&c to which Day, upon the Calendar in the Ho- 
rizon, you will fee the firft Degree of Taurus in the 
Ecliptic placed by it, which (hews the fame Degree in 
the Ecliftic on the Globe, is the Place of the Sun for 
that Time ■Therefoic, I bring the Sun's Place, 

pf Beginning of Taurus, to the Meridian, which it 
ifiterfe&s in the nth Degree : Then turning the Globe 
quite round, you obferve all thole Places upon theSur- 
"tti which pafs under the faid nth Degree of the 
Jbfian, are the Places required, or thofe which have 
tffcSon paffing over their Heads for that Day. 

Eapbref. This Problem is more carious than difficult ; 
bj which I learn, that every Place in the Torrid Zone* 
*bofc Latitude is equal to the Sun's Declination, will 
find him in their Zenith at Noon. — What is your Ele- 
venth Problem, Cleonicus ? 

Ckm. To find the Midfummer-days for any ziven Place 
in the Torrid Zone. This Problem I fhall fhew yoii the 
Solution of as follows:— Let thefe two Days be required 

kr Port-Royal, in Jamaica, -Then, 1 bring that 

Town to the Meridian, and obferve what iA-gree it 
cuts, which is 17 3c/.— Then, turning the Giohr, I 
obferve what Part of the Ecliptic* next to Aries, touches 
that very Point of the Meridian, and find it to be the 

20* of Taurus « . This Degree I look tor on 

the Horizon, and find againft it, the 101I1 of May, 

which therefore is their firft Midfuramer-Uay- 

Then, I turn the Globe farther about, til. fomc I\m oi 
the fccond Quadrant of the Ecliptic cow* uuiict th* 
fame Part ortbe Meridian, which i find to 1* <»« iuh 

Degree of Leo SL. Then, againft that I^ K r« , 

the Ecliptic in the Horizon, 1 find correfpcmdii iK to ib, 
3d Day of Augujl, which therefore it their fccond Mi- 
ftwmer-Day, 

H 4 
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Euphrof. I fee, by the Manner of your Solution, 
that I (hall find but little Difficulty in jperforming the 
fame Thing for any other Place. — What Problem fucceedf 
to this ? 

Cleen. The Twelfth Problem finds all thefe Places in 
the North .Frigid Zone, where the Sun begins to Jhine, cow 
Jlantly, or without fitting, on any given Day. The 

Solution is in this Manner Let the given Day be 

the 26th of April. ■ Then, the Sun's Place for that 
Day will be in 6 9 00' of Taurus in the Ecliptic on the 
Horizon.— —Which Place I find in the Ecliptic on the 
Globe, and bring it to the Meridian, which ftiews the 
Declination of the Sun for that Day to be 13 oo'— 
Then it is evident, that all thofe Places which are the 
fame Number of Degrees from the Pole, or which are 
in the 77th Degree of North Latitude, are the Places 
required. 

Euphrof. I can plainly fee the Reafon of that, as 
the Circle of conflant Illumination mult neccflarily be 
the fame Diftancc from the Pole, as is equal to the Sun's 
Declination. 

C/eon. The Thirteenth Problem is fomewhat a~kin 
to the foregoing. — // confifls in finding on what Day tie 
Sun begins to Jhine con jlantly, or without Setting, in my 
given Place in the Frigid Zone, and bow long it continues 

fo to do. To folve which, let the Time required be 

for Point Look-out* or the fouthernmoft Part of Greenland. 
— Then fir ft, 1 find the Latitude of that Cane, which 

is 77 v 00'. Secondly, I re&ify the Globe to the 

Latitude of the Place. Thirdly, turning the Globe 

about, I obferve what Point in the fir ft Quarter of the 
Ecliptic coincides with the North Point ofthc Horizon, 
which, I obferve to be the ftxth Degree of Taurus.* 
Fourthly, 1 feek the fame Degree of Taurus in the 
Ecliptic on the Horizon, and find again ft it in the Ca- 
lendar, the 26th Day of April, which fatisfics the firft 
Part of the Problem — Fifthly, I turn the Globe back 
again, to obferve what Point, in the fecond Quarter of 
the Ecliptic, exaftly coincides with the North Point in 
the Horizon, and 1 find it to be the 24 00' of .£*».— 
Sixthly, 1 feek the faid Degree in the Ecliptic on the 
Horizon, and find it apfwers to the 17th Day of 

Augufl % 
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Apt.— Therefore, from the 26th of April to the 17th 
of hj*ft % the Sun (bines conftandy on the Inhabitants 
oftberooftfouthern Parts of Greenland. 

Eipbr$f. By the particular and gradual Procefs yon 
Iutc ufcd in the Solution of this Problem, I find, not 
only the Method for any other of the like Kind is very 
eafjr, but, alfo, the Ratienale thereof is very evident ; 
sod therefore you may proceed more concifcly in what 
other Problems remain. 

Cite*. The remaining Problems are but few ; that, 

which you may reckon the Fourteenth, is To find the 

Plate ever which the Sun is vertical on any given Day and 

Htur. In order to this, you are to find the Sun's 

Place in the Ecliptic, and bring it to the Meridian, and 

mark the Degree of Declination for the given Hour.- 

After this, find thofe Places which have the Sun in 

Meridian at that Moment ; — and, among them, 

Eirticular Place which lies under the Degree of 
un's Declination, is the Place de fired. 
Eupbref. As you have given me the Clue, I can 
proceed through the Whole of this Problem without 

Iour farther In ft ruction, at lead 1 will attempt it. - 
therefore fuppofe it was required, to find the Place 
to which the bun is vertical on the 20th of April, at 

Nine at Night precifely. The Sun's Place, at that 

Time, I find on the Horizon of the Globe to be in 
the firft Degree of Taurus; this I bring to the Me- 
ridian, and there obferve his Declination to be about 
io° 30* • Then will all thofe Places, that pafs under 
that Degree, have the Sun vertical to them that Day. — In 
the laft Place, I find all thofe Places where it is Noon 

at Nine o'Ciock at Night on that Day : And 

amongft them, that which lies under io 30' of the 
Meridian is the Place required ; and this J find is in the 
Pacific Ocean, or Great South Sea 9 and as it accidentally 
happens in the very Tratt of Loid Anjm*s Voyage 
from Aquapuko to China, which has 135° Weft Longi- 
tude from London. 

CUon. It is with Plcafure I fee how great a Miftrefs 

you are of geographical Solutions 1 believe it will 

JKX now be in my Power to mention any future Problem, 
that will be too difficult for you. However, thr Fif- 
teenth will flill extend your Ideas of this Kind, whati 

is. 
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is, To find, for any given Day and Hour y thofe Placet 
wherein the Sun is then Rijing) or Settings or in the Mi* 
ridian ; alfo y thofe Places which are enlightened) and thofe 
which are not ; and for an Example, you may take the 
fame Day and Hour of the laft Problem, viz. April the 
20th at Nine at Night. 

Euphrof. I fear what you fay to encourage me, will 
rather tend to difpirit me ; for, if I may have the World 
for my Pains, I know not which Way to go about this, 
which you think fo cafy a Problem. — 

Cleon. You have no Rcafon to be diQicartened, it 
is but a Trifle that you want to recoiled, to make the 

Problem as clear as the Day For only find the 

Place to which the Sun is vertical at the given Hour* 
(which you know how to do by the Jaft Problem) and 
bring the -fame to the Meridian, and elevate the Pole 
to the Latitude of the Place, then all the reft will be 
eafy. 

Euphrof This I will do. The Latitude of the 

Place is io° 30': therefore I elevate the Pole to 

the fame Number of Degrees above the Horizon,- * 

and thence, fince the Sun is vertical to the middle Point 
of the Hemifphere about the Horizon, it is evident, (i.) 
That all thofe Places which are in the weftern Semi-circle 
of the Horizon fee the Sun Rifing, as they arc 90 00' 
diftant from the Brafs Meridian. (2.) For the fame 
Realbn, thofe who are in the caftcrn Semi-circle fee 
the Sun Setting. (3.) And to tho'c who are under the 
Meridian it is XI I o'Clock, or Noon. (4.) and laftiy, 
AU Places above the Horizon are enlightened by the 
•Sun, and to them it is Day\ and all that are below it, 
of Courfe, arc in Darknefs, or Night ■ 1 - Upon the 
-"Whole, I think this a very curious and extenfive Problem. 

Cleon. It is as ufeful as curious, fince, by Means 
thereof, you readily folve the Sixteenth Problem, which 
is, To exhibit^ in a general Manner, all thoje Places an 
the Earth to which a Jo/ar y or lunar Edipfe is vifible, when 

the Time thereof is known. If you remember, fome 

Time fince I was mentioning to you, a very great Eclipfe 
of the Sun, which will happen the ift of April) 1764; 
This I propofe to you as an Example.— This Eclipfe 
begins at IX, and ends at XII nearly. 
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Eqbrtf. By this I know what my Talk will be," 

fa, in the firft place, I muft find the Place to which 

the Son is vertical at Half an Hour pad X on the firft 

thy of April, that being the Middle of the Eclipfe: 

■ this I find to be near the Middle of the Continent 

of Arabia:- to which, when 1 reftify the l -lobe, 

I obfenre all the midland Parts of Norway, Poland^ 
Turky in Europe, and the vaft Continent of Africa, lie 
under the general Meridian, and obferve the Middle of 
the Eclipfe at Noon.-— — Alfo, all the Hemifphere 
above the Horizon ihews me all thofe Parts of the 
World, in which the Eclipfe can be vifible. Therefore 
1 am convinced, it will be feen in ail Parts of Europe 
and Afrit*, as alfo all Afta, except the eaftern Part of 
Yertmy, China, &c. But the eaftern Parts of South- 
America only can fee any Thing of this Eclipfe. 
If I call my Eye on the weftern Part of the Hemifphere, 
I obferve the Countries in North and South- America, 
which lie upon the Horizon, to be thofe People who 
fee the Sun riling at the Middle of the Eclipfe. 
And in the eaftern Part of the Horizon, the feveral 
Countries upon the Horizon there view the Sun Setting 
at the fame Time.— —Again, if I bring London to 
the Meridian, and place the Hour Index to IX in the 
Morning, and then revolve the Globe till the Index 
points to XII, I view all thofe Countries under the 
Jtfcridian, where the Eclipfe begins at Noon ; particu- 
larly at Madagascar, the inland Parts of Arabia, the 
far/km Gulph, the Cajpian Sea, and of all the eaftern 
Part of <£i^Sa in Europe; but fcarce any inhabited Part 
ol the Earth view the Beginning of the Eclipfe at Sun- 
Rifing, fince the weftern Horizon lies almpft wholly on 
the Great Atlantic, and Southern Oceans. On the other 
Hand, a few of the eaftern iflands only of Afta can fee 
the Beginning of the Eclipfe at Sun Set —In the laft 
Place, 1 bring London to the Meridian, and place the 
Jndex to the upper XII, which gives me a View of all 
thofe Places under the Meridian, who view the dark 
Dijk of the Moon going off from the Sun at XII o'Clock. 
On the weftern Horizon, I view the Countries where 
the Sun is rifing, when the Eclipfe ends : and in the 
faftern Part of tjic Horizon I fee in what Parts of 

the 
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the World the Son appears to fet, with its entire 
enlightened DUk. Are not thefe the genera) Phe- 

nomena of this Eciipfe, as reprefented on the Globe, 
CU*nicv$? 

CUm. They are, my Euphrofynt* and rery fdentifi- 
calry icprefented \ 1 could not have done it better myfelf. 
—I fee yon want no more of my Inftru&ions, in regard 
to the Ufe of the Terrcftrial Globe ; for though there 
may be a great Diverfity of Problems propofed, yet they 
will all become very eafy in Practice, and their general 
Rational* will appear to any one who has been exercifed in 
thofe which I have ieleded for your Institution in this 
Science, for they are all of them of a fundamental and 
general Nature. — If any Thing farther remains, there 
is yet a few Minutes to fpare ; therefore be free to aflc 
of me any Thing you think proper, relative to the Ufe of 
this Globe, while it is before us. 

E*phrof. 1 fee but one Thing more on the Globe 
to trouble you with, and that is, that long Slip of 
Piper, which is paftcd on the Globe, acrofs the Equator, 
containing the Calendar, or Months and Days of the 
Year : I fttould be glad to know the Ufe of that, as 
you bare faid Nothing hitherto about it. 

Clton. It is very proper you fhould be acquainted 
with the Ufe of it, as it is a curious Appendix to the 
Globe, and the Invention of the ingenious Mr. Harris^ 
Author of A Treatife on the Globes. It has been lately 
affixed to the Globe ; it may be called a Gentral Reft'tjkr 
(though it is other wife called the Analtmmo.) The Ufe of 
it is thus, you bring it to the General Meridian, and 
there holding the Globe faft, fet the Hour-Index to XII ; 
then (i) at one View, you obferve on that Paper the 
Sun's Declination for any particular Day in the Year, 
whether North or South. (2.) You rectify the Globe 
to the Latitude of any Place, and then bringing the 
Refttfier to the eaftern Part of the Horizon, you place 
any given Day of the Month to the Edge of the Horizon, 
and yon fee the Point of the Compafs on which the 
Sun, that Day, rifes ; and confequently, the Amplitude 
of the Sun is inftantly known: The Time of its Rifing 
is alfo (hewn by the Index of the Hour Circle, and 
confequently the Length of Day and Night.— And (inoe 

thefe 
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Affc Things arc (hewn, as it were, by Infpection, for 
one whole Year, it gives a Nummary of the Problem* 
relative to the Sun, and in fome Meafure fupp'ies the 
UfcoftheCelcftial Globe. 

*Euphrof. This I think is a great Ciuiofny indeed . — I 
cotfid not have thought fo many Problems of Importance 
could have refulted from fo fmall a blip of Paper. — But 
I (hall trouble you no farther at prefent, with thefc 
Things, your Lc&urc, at this Time, having been of 
aa uncommon Lengtn. 



DIALOGUE XII. 

The Description and Use of a New Apparatus 
to the Terrestrial Globe, by which the true 
diurnal Motion of the Earth on its Axis, the 
apparent annual Motion of the Sun in the Eclip- 
tic, the various Phenomena of Da\s and Nights, 
the Seasons of the Tear, and of a Solar Eclipse 
are exhibited by New Machinery. 

Euphrofynt. 

WELL, Cieonicur, I am fure I have loft no Time, 
fince our la ft Interview, in making myfeif per- 
fect in the Ufe of the Globes. — I have praftilcd every 
Problem over and over again, on both the Globes, and 
now 1 may fay, with the rich Man in the Gofpcl, IVbat 
kick I yet? 

Clton. Why, to anfwer according to your own Stile, 
though you have been indeed bufy about many Things, 
yd one Thing it needful: — You have been long engaged 
in learning how the Phenomena of Nature may be arti- 
ficially reprefented by Globes, and in this you find great 
A lH (lance from the Labours of many ingenious Men; 
but with little Attention, it will appear, that thofe 
Things will admit of a much more natural Rcprcfen- 
tation with a little Contrivance and fmall Expencc of 
Machinery ; and you will readily allow, that the more 
aattual any Phenomenon can be fliewn, the more Satis* 

faction 
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fa&ion and greater Inftrudion it mud give to every inqui* 
fitive Mind. 

Eupbrojl No one can doubt the Truth of that, and t 
fee you have provided here a beautiful Machine for that 
Purpofe ; and I flatter myfelf, I fliall have great Plcafurc 
in being inftru&ed in the Ufe of ic. 

CUon. To fay the 1 ruth, I have employed my utrooft 
Skill to contrive it for your Inftru£Uon ; for though 
there have been two or three Inventions of this Kind 
already propofed to the Public, yet I think them by no 
Means fo fimple and elegant as fuits with the Nature of 
the D«fign, and worthy the delicate Genius of your Sex. 

Euphrof. Cpmpliment8 but ill fuit with philofophical 
Inftru&ions ; therefore, without any farther Ceremony, 
explain to me the Ufe of the Machine, for I am imps* 
tient to know it. 

CUon. I will oblige you in this, and every Thing elfe 
I can, to the utmoft of my Power. 

Fir/l then, By opening a Door in the Side of the Ma- 
chine, you obferve a Train of Wheel-work^ put in Mo- 
tion in the fame Manner as that of a Spring-Clock. 
This may be called, the Primum Mobile of the Machine. 

Secondly, On the upper Part of the Machine, you ob- 
ferve a Terreflrial Globe is placed, which is moveable on 
its Axis by the Hand, yet fo as to remain in any PoCtion 
where it is placed. 

Thirdly, by the Machinery within, a Motion is com- 
municated to the Globe, about its Axis, by Means of 
that Wheel which you fee on the Top of the Box, and 
fixed to the Axis of the Globe. This is the diurnal Mo- 
tion of the Globe, performed in the fame Time with that 
of the natural Globe, viz. in 24. Hours. 

Fourthly, On the Surface of the Globe, you obferve 
. an artificial moveable Horizon, by which the Globe may 
be rectified to the Latitude of any given Place. 

Fifthly, The Axis of the Globe makes an Angle with 
the Axis of the Ecliptic of 23 30'. 

Sixthly, The Globe has another Motion communicated 
to it, by which the Plane of the Ecliptic is gradually 
moved round in the Space of one Year, or 365 Days. 

Seventhly, In Conlequence of this, a Brafs Ball repre- 
fenting the Sun, f laced on a Stem upon one Side of the 

Machine* 
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Machine, and juft in the Plane of the Ecliptic, will ap- 
pear to move through every Sign and Degree of the 
•Ecliptic in the Space of twelve Months, juft as the real 
Sao appears to move in the Heavens. 

Eilhthhfi A Brafs Circle is placed about the Globe at 
toe fhftance of 90° every Way from the Sun, which may 
be called, the Solar Horizon, or Circle of Illumination* 
becaufe it conftantly divides the Globe into the enligh- 
tened and dark Hemifpheres. 

Ninthly, On the Wheel affixed to the Axis, you obferre 
* moveable Hour Circle, and a fixed Index, by which 
Mean* the Tame of any Phenomenon is (hewn, and the 
Globe redified in regard thereto. 

Tmblj, By removing the Sun, I place thefe two Brafs 
Arms to the Sides of the Machine, which, by Means cf 
Screws, are moveable up and down, fo that the ion; 
Piece of Brafs, you fee moveable upon the Ends of each, 
m *J be placed either horizontally, that is, parallel to the 
Hanc of the Ecliptic, or inclined thereto, in any Angle 
Ids than 6 Q . So that it may be placed parallel, at any 
Time, to the Path of the Moon. 

Eleventhly, To the middle Part of this tranfverfe Piece 
i« fixed another, at right Angles, with Spring- Sockets, 
through which Aides a long Slip of Brafs, on the Top 
of which is fixed a dark Circle, reprefenting the Moot*'* 
penumbral Shadow, at the Surface of the Earth, in a 
Solar Eclipfe ; and in fuch Proportion to the Globe, a* the 
.^real Penumbra of the Moon has to the Globe of the Earth. 
Twelfthly, The Slip of Brafs which carries the lunar 
Shadow is divided, from a certain Point each Way, into 
a Scale of Minutes, by which Means, in any Eclipfe, 
the neareft Diftance between the Center of the Penum- 
bra, and the Earth's Difk, or the Latitude of the Moon 
in an Eclipfe at the Time of a true Conjan£Uon, may be 
truly exprefled, -and thereby the lunar Penumbra properly 
adjufted to the Difk of the Eaith, and its true Paflagc 
over it (hewn in that Eclipfe. 

Tbirteenthfy, The lower Part of the tranfverfe Piece is 
divided into Teeth, adapted to a fmall Pinion that you fee 
in the Side of the Machine, by which Means this Piece, 
when the Machine . is in Motion, carries the penumbral 
Shadow over the Earth's Difk, with the proper Velocity 

<4 
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of Motion which the Moon really has at that Time in her 
Orbit, or which the penurobral Shadow really has on the 
Difcof the Earth. 

Fomteenthly^ But as the Moon's Motion is fometimet 
quicker, and fometimes flower, if we would be very accu- 
rate, there (hould be three of thofe tranfverfe Pieces, 
containing each a different Number of Teeth of the fame 
Length, and fitted to exprefs the greateft, mean, andleaft 
Velocity of the Moon's Motion. 

Fifteenthly, The Machinery is fo contrived, that the 
diurnal Motion of the Earth, and annual Motion of the 
Sun may be performed in a (hort Space of Time, vt% t 
The annual Motion in fix Hours, arid the diurnal in 

nearly one Minute. And now, my Eypbrojym^ you 

are prepared for viewing the great Pbacnomenaof Nature, 
juft as they happen in the Courfe of Things, or otherwife, 
at Pleafure •. 



* An Explanation of the Machini. 
A B D F, Is the Body of the Machine. 
C, The Center of the Globe. 
JEQ^. Equator. 
£ L, The Ecliptic. 
N S, The Axis of the Globe. 
G H, The tranfverfe Piece, with Teeth. 
IK, The circular Arms, on which it moves. 
O, The Pinion which moves it. 
R S, The fixed perpendicular Piece. 
M S, The Sockets upon che fame. 
C P, The long graduated Slip of Brafs, carrying 
N V, The penumbral Shadow of the Moon. 
T U, The Circle of Illumination. 
W, The Stem, or Foot thereof. 
X, The. Part on which (he Globe reds. 
Y, The Part on which the Globe is fupported. 
Z, The horary Circle, which gives Motion to the Globe. 

In the Print we have exhibited the Apparatus for reprefenting 
the Stlar Eclipfe, April i, A, D. 1764, as being the rooft re- 
markable that will happen for many Years to come. We have 
Eot reprefented the Sun, the moveable Horizon, Crtp*fc*lar 
>;r;/*, &fc. to avoid Confufioo, efpecially as they are eafily 
fupplied by the Imagination, and fo particularly dtferibed in 
their Ufes above* 
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Eifkif. In regard ro the Ufe of this new csnhrucztc 
Globe, I rauft be entirely pafiive, as 1 tn:?v o:r. ve: 
which Way to go about folving any on? ?:ljjcs . d^: 
{hall be very glad to fee thofe natural rhzruani^ui. z:nz 
from the Dirc&ion of your own Hand. 

Cbn. I will (hew them to you in their r.z-trj:" O-o-:- i 
and, firft, you arc to obferve, that fince • uz r c-.t -J ::it 
Ediptic is the higheft Point of the reai O.jj*. v : :u* 
Earth, as it revolves about the &un in hi silll.;. ^-w:, 
lb the lame Pole of the Ecliptic muft always \n wr. :.^tzti 
Point, and therefore, what we may cci \ut Z '..•:• vE 
this anificial Globe, the nether Pole of the L'~^^ sz.i.g 
theAMr. 

Apbrf This I plainly fee ; and In C'jmV. ;-w.* *f 
which, the Ecliptic may be calied the H >:.£-.-: . *- i-«:^ 
I fee it parallel with the Horizon of tLc i/.i^Si:*:. Or.*^, 
tod will always remain fo. 

Cfew. Your Remark is juft. Secor.c'y, *.», ••.£:■■» 

ftiiGlobe, I fix the Ball, reprcfcntir.g :-t i^r. ;l :.-e 
Plane of the Ecliptic, on its Stern. *: «. :-:.»'. 1/. *- s. 
from the Globe. — Then, by turning :h* Yi ;— :, ; u..*s 
the Ecliptic Circle to move round; io ::.*-. *.: - : -«•: 
which the Sun occupies at any Tirr.t. ::.i.y \r. ; -Is. •.•-•„ 
againft the Brafs Ball, or artificial Su*.. — -"."•-.. vs. 
Inftance, on the firlt Day of April thtr bur. >/.-.? .-. •-,* 
twelfth Degree of Ariti, 1 bring that Poix,: zi<i\. : *v u : .': 
tbeBall ; and thus the Globe is rectified for :.-.*: L,\ . :,:' 
tic Year. 

£«pir»/. This is a different Reclif.ci-.i^:* '.: ■.*:.: Vv/s 
'ttt what you (hewed me before ; but 1 iu r y~'.t .: .-. \s \ 
*correfponds to the refpeclive Situation o: \\z ~ m :.> *ui 
the Earth in its Orbit for that particular lh y. 

Qm. It does fo very exactly ; for the i.e.''. >r • / .- 
the twelfth Degree of Libra % if we loot ;.• ■:,- ,-'" 
{j* Center, it muft ncceflarily apprar ir« :•.- '-;; / i 
Wnt, or twelfth Degree of /f'.«, as you wry u* r -.*. 
"^Thirdly, I put the Machinery in Mvi.;. «:' .• 
™e Space of nearly one Minute, you fee th? L*r\ ••:>- .«: 
wee round upon its Axis with an equable Mo?,',;., v. ■ • 
**M»H «> you a natural Idea of the Mar.r.er \\ »: w 
fhe real Earth does turn upon its Axis, v. *: Lr.s.zU iu 
*«»Orbh about the bun. r 

v °i.. U. I 
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Euphrof This is a very curious Representation, indeed 
of the Earth's diurnal Motion ; and I obferve the Ind^* 
below points Out the feveral Hours of the Day, and Night* 
on the norary Circle in its Revolution, 

CUon. You will next obferre, my Eupbrofyne, tbaf 
when the Sun again comes into the Plane of the Ecliptic, 
after one Rotation of the Earth about its Axis, that it if 
found to poflcfs the next, or thirteenth Degree of the 
Ecliptic ; fo that you are convinced of the fourth Pheno- 
menon by ocular Demonftration, viz. That in the Space 
of one natural Day, the Sun has an apparent Motion in 
the Ecliptic of one Degree nearly. 

Euphrof. This I obferve with Pleafure, as it is very 
natural to fee how the apparent Motion of the Sun, in 
this little Globe, anfwers to that of the real Sun in the 
Heavens :— But as there are 365 Days in the Year, and 
only 360 Degrees in the Ecliptic, the apparent Motkm 
of the Sun, at a Mean, cannot be quite one whole De- 
gree in a Day* but the Difference is too finaU to hi 
anfifted on here. 

CUon. It is, indeed, very fmall for one Day 1 but ift 
the Space of the whole Year you will find everyFut of 
the Ecliptic will be pafled over by the Sun.— —The fifth 
Phenomenon you will next obferve, is the Pafiage of tint 
Part of the Earth's Surface under the Sun, to the Inhabi- 
tants of which the Sun it fucceffively vertical on that Day* 
Euphrof This appears extremely natural, indeed} I 
plainly fee, that for the firft Day of April all the midland 
Parts of Africa* the Indian Sea, the Ifle of Ceyhn t the 
Kingdom of Malacca, the Philippine Hands, the vaft 
Traa of Ocean between them and America, the large 
Continent of South America, called Terra Fir ma, &c. all 
pais under the Sun, and therefore view him in their Ze- 
nith. — I muft needs own, this Representation far exceeds 
that for the fame Purpofe on the common Globe. 

CUon. The fixth Phenomenon is the variable Lengtk 
of Days and Nights* according to the different Times of 
the Year* which offers itfclf to the View here, joft as it 
does in Nature ; for when I bring the Meridian of any 
Place to pafs through the Sun, 1 then move the Hour of 
the Noon-Tide Xll to the Index, and re&ify the Moon's 
Horizon by the Latitude of that Place ; for the Globe* ift 

• Morion> 
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*M*tion t naturally (hews you the Length of the Day and 

Sfrtf at any given Time of the Year* 

i*pbr$f. I apprehend it mud befoi But an Example 

*Ul ftill make it clear, which, I think, I am able to 

Perform myfelf. I (hall take our capital City, London, 

«br the Place ; and therefore re&ify the moveable Horizon 

bf fixing it at 51 Q 30' from the North Pole, by the ge- 

. Aeral Meridian drawn on the Globe :— And now, I will 

jSrft adjuft the Sun to the Beginning of the Ecliptic, by 

laming the Globe about till the Vernal Equinox is right 

againft it :— Then, pleafe to put the Machine in Motion* 

CUm. It is done. 

Empbrtf. And very plainly I obferve, that at the End 
of fix Hours the Weftern Part of the Horizon is againft 
die Center of the Sun :— That in twelve Hours more* 
the Eaftcrn Part of the Horizon is upon the Sun : — And 
after another fix Hours, the Equinox returns to the Sun, 
and plainly /hews me the Length of the Day and Night 

is the fame on that Day of the Year. Alfo, I fee the 

Son naturally fetting, or apparently palling below the 
'Weftern Part of the Horizon at Six in the Evening,— 
and riling above the Horizon at Six in the Morning, juft 

at the Point due Eaft. AU this I can eafily fee will 

follow from the Motion of the Earth, carrying the Hori- 
zon of London along with it, over the Body or Diflc of the 
Son. 

CUtn. And one Thing farther you will take Notice of, 
a fcventh Phenomenon, which will more illuftrate this 
Doflrine, which is, the Circli of Illumination fixed to the 
Machine, and furrounding the Globe in fuch a Manner, 
as t» divide it into the enlightened and dark Hemifpberes* 
This Circle may, with feme Propriety, be called the 
fclar Horizon, as it is every where cxa&ly 90* diftanc 
irom the Sun. 

Eutbrof. I readily fee what Confequences will attend 
this Obfervation :— — Becaufe it mud neccflarily happen 
from hence, that when the Horizon of any Place is upon 
the Sun, the Place itfelf will be under the Circle of 
Illumination j and therefore, juft entering into the darkened 
Hemifphere.— The Reafoh, therefore, of Day and Night, 
and all their Variations is, from hence, extremely obvious, 
and more £b, by much, than in the Orrery itfelf. 

1 2 
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Cleon. You cannot be too well apprized of the Namf* 
of this grand Phenomenon ; and therefore it will be 
proper to repeat the Experiment for the longed Day in 
the Year in the Latitude of London* which will prefem 

?ou with a View of the greateft Inequality of Days and 
lights that can happen here. 
Eufhrof. This, 1 prefame, I can eafily do, by moving 
the firft Degree of Cancer to the Sun, and then turn th« 
Globe on its Axis till the Sun comes to the Meridian o£ 
London,— where letting it reft, I turn the Hour Circle 

till the Meridian XII is at the Index : Then giving 

Motion to the Machine, — I fee the Globe revolves in fucfa 
a Manner, that the Tropic of Cancer conftantly paffe* 
under the Sun, from Weft to Kaft, till at Length it»« 
"Weftern Horizon comes upon the Sun: — At the fa n*^ 
Time I obferve the City of London is under the Circle */ 
Illumination^ and goes into the darkened Hemifphere si* 
the fame Moment of Time that the Sun is feen below tl*^ 

Horizon. When this happens, the Index points to 

VIII o'Clock, and fomewhat more. Again, theGlob^* 

continuing in Motion, carries the Ifland of Great Brita*** 
through the darkened Hemifphere, till at Length it ap- 
pears on the other Side of the Circle tf Illumination^ aO<4 
the Eaftern Part of the Horizon revolves to the Sun 5— ** 
At which Moment of Time I fee the Index pointing 
nearly to the Hour of IV in the Morning : — So that fro*** 
hence itis;evident, that the longed Day with us is a little 
more thaA XVI Hours, and the fhorteft Night nearly 
VIII, and therefore but half as long as the Day: — 'T~t* e 
Manner in which thefe Things appear fo nicely accof*' - * 
ing with Nature itfelf, redoubles the Plcafure of Infttt* c ~ 

tion. But what is that fmall Circle, which I fee ev&*~f 

where at an equal Diftance from the moveable Horizon & 

Clean. That may be called the Crepufcitlar Circle* *** 
Circle of Twilight, It is placed at 1 8 V 00" below the tf~*^ 
rizon, becaufe, till the bun has defcended fo far, for^ 5 ^ 
of his Beams will be refra&ed by the Atmofphere, a^ 3 ^ 
make a Twilight, or a decreafing Mean between Daya^ - **^ 
Night: But when the Sun has reached that Circle, %^^ 
find it dark Night ; and, therefore, as the Globe rcvoiv^^* 
at the fame Time you obferve the Time of the Beginnir^fS 
of Day and Night, you fee alfo the Beginnings Duratia**** 

a** a 



I AND LADY'S PHILOSOPHY. 117 

m aad£Wof Twilight, which is the eighth Phenomenon 
'F io due Machinery. 

f Etpbrof. Well, thi« is a Curicfiry over and above 

' what I expeded ; a Piece of Knowledge that does not 

pleafe me a little : for, though I had forr.e indirect and 

faint Ideas before, my Notions of it are vaiily enlarged 

and improved by this natural Reprefemation.— And 

what delights me very much is, that in the laft Example 

of the longed Day, I fee there can be no dark Night 

amt all ; fince the Sun, at Midnight, is not by many 

XDegrees fo far below the Horizon of London as is the 

drcie of Twilight. — Nor indeed, for many Days before 

and after the longeft Day, the Depreflion of the Sun, 

&*l Midnight, will not be fo great as the Diftance of 

Ckat Crgpufcular Circle from the Horizon ; and that, for 

tiiat Space of Time, there will be no dark Night, 

"which there mud be, more or lefs, at all other Times of 

cbeYear. 

Clan. At your Leifure, you may praltife this Pro- 
Mem for the fliorteft Day, in the fame Manner as for 
the longeft ; and likewife, for the limes of the Be- 
ginning and End of Twilight at any Time of the Year. 
'What! muft next obferve is, the ninth Phaenomenon, 
which is of the greateft Importance of ai J, viz. The various 
Seasons of the Year ;— For, by what wc have already 
fan, you learn, (ift,) That when the Sun, in its ap- 
parent Motion, pofiefles the Beginning of the Ecliptic, 
wfirfc Point of Jries, then alfo the Poles of the World 
ippear under the Circle of Illumination, and then the 
Days and Nights are not only equal, but the Sun being 
* an equal Diftance from either Pole, his Light and 
Heat ia then of a Mean Degree, and makes that delightful 
Seafon which we call the Spring. (2dly.) As the 
Son advances in its annual Courfe gradually towards 
C**r, the North Pole, by degrees, is brought ft ill 
"ther into the enlightened Hemifphere, till, at laft, 
*knthcSun arrives to the firft Degree of Cancer, the 
North Pole is then 23° 30' within the illumined Ilcrnif- 
pkere, or by fo much nearer the Sun than it was before ; 
■Ad consequently its Light and Heat will now be the 
Pttteft of all, in all the Northern Latitudes, as well 
H the Days the longeft-, and therefore you fee the Nature 

i 3 of 
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of the Seafon we call Summer, demonftrablv plaia* 
(3<ily 9 ) 'I be Globe continuing in Motion, the Sun 
appears to advance towards Libra} and the North Pole 
retreats, by degrees, and gets a fecond Time under tb«3 
Circle of Illumination : — At that Inftant the Sun arrives 
at Lib™, and then it caufea the autumnal Seasoi*. 
(4thly,) The Motions of the Globe continuing, jo*M 
fee the Sun gradually advance, from Day to Day, to- 
wards the Beginning of Capricorn ; and the North Pole 
going farther and farther into the darkened Hemifpbere, 
till, at Length, when the Sun comes to the firft Scrapie 
of Capricorn, the North Pole will be then 23 30' from 
the Qirtle of Illumination in the darkened Hemifphcre, and 
that of Courfe, in this Pofition of the Globe, the Day* 
will not only be the fhorteft, but the Light and Heart 
of the Sun will be the lead it ever can be in Norther* 
latitude, and therefore makes the Winter Season.—— 
Hence, in a fhort Time, you fee all the Succeffion <A 
Seafons, with all their Variety of Incidents, in the Courfe 
of a whole Year. 

Eufhrof. This is not only a compendious, but * 
beautiful View of Nature's great Events, refulting fa?" 1 
the mod fimplc Caufes. — Not only the Seafons, arid 
different Length of Days and Nights, but likewife max*? 
other curious Subjects offer themfelves to my View, » n 
this Speculation of a Globe in Motion : — I fee tt*^ 
Parts of the Earth, or Circum-polar Regions, alternaC^ - " 
ly, wholly enlightened, or wholly in the Dark, at oppoG c ^ 
Times of the Year. — I fee when the Sun begins to (hi*^* * 
without fetting, and to fet without fhining any mo>^~^ 
to the different Inhabitants within the Polar Circle :-^"^" 
I obferve, how naturally all the different Parts of t^^ \ 
Torrid Zone come under the perpendicular Beams ^^^ 
the Sun, in the Courfe of a Year. — But I fliall 
longer detain you with thefe common Subjetts.- 
There is yet an Apparatus remaining, which, I 
by the Form of it, has Relation to the Nature ^^ 
Eclipfes ; pray, am I, at prcfent, to learn the Ufc "^"^ 
that? 

CUon. By all Means, it being the principal Part ^^ 
the Defign of this Construction, to give you a me^^^ 
n*twal View of a Spiv Eclipfe, and the Manner * V 
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which it happens, than by any Contrivance of the com- 
mon Globes, Orreries, &c. efpecially what relates to 
an Explication of the particular Phafes thereof; for, 
to anfwer fuch Purpofes in the beft Manner, you ought 
to know in what Manner the Shadow of the Moon goes 
over the Surface of the Earth in the Time of the * 
Eclipfe. Although I have formerly illuftrated this, by a 
Copper-plate Print, in a general Way, * yet that will 
by no Means fuflice for a full and adequate Notion of 
this Matter. It was there, indeed, (hewn, what was 
the total, and what the penumbra! Shadow of the 
Moon ; but it dill required tbe Surface of a Globe, to 
(hew the Proportion of the dark and penumbral Shadow, 
when compared therewith ; alio what is tfbe particular 
Courfe over, and Figure of the Shadow upon the Sur+ 
fcee of the faid Globe, fo that it may have tbe fame 
Appearance as if you was actually to fee it on the Sur- 
face of tbe Earth itfelf. — The Aftronomershave Methods 
whereby they can, at all Times, afcertain the true 
Dimensions of the Moon's Shadow at tire Surface of 
the Earth, and, consequently, can afiign the Proportion 
it bears to the Earth's Surface : Therefore, whatever the 
Size of the Globe you make Ufe of may be, we can 
immediately adapt a Shadow to it, by cutting out a 
circular Piece of black Crape, which (hail bear the 
*equked Proportion to the Surface of the Globe. This 
Crape will denote the penumbral Shadow*~~-In : the 
Center of this Crape we can fix one of your fmall 
Patches, to reprefent the dark Shadow of the Moon, in 
* proper Proportion to the penumbral Shadow ; and here, 
let me tell you, it is much more properly applied than 
when it is placed on your own Face, to eclipfe fome of 
the natural Beauty thereof.— -In the next Place, the 
lucUnatioa of the Moon's Orbit to the Plane of tbe 
Ecliptic, is at all Times known ; and therefore t(ie 
Latitude of the Moon, or its perpendicular Diftance 
from the Ecliptic, is known at the Time of any given 
Eclipfe, and, consequently, the Path of the Center of 
the Shadow may be thereby afllgned on the Surface of 
She Globe ; — Consequently, tbe Time when the Shadow 

~ ♦ See Plate XVIII. Page iro. Vol. I. ~ 
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firfl: enters on the Diflc of the Earth, or Surface of the 
Globe, and alfo the Time when it goes off; and there- 
fore, che Beginning, the Middle, and End of the hclipfe, 
with the Quantity thereof, may eafily be determined and 
reprefented by this Machinery 

Euphrof. I muft confefs that, till you have put your 
ecliptic Apparatus in Order, and applied it to the Ma- 
chine, I cannot have fo clear an Idea of theDefign of it as 
I then may ; for, I preiume, the Ufe of each particular 
Part will then more fully appear. 

Cleon. It will fo:— But before we can proceed any 
farther in this Speculation, we mult adjourn to a Sun- 
fliiny Morning, when we can view the various Phafes 
of a Solar Eclipfe to the beft Advantage ; and till then 
you mny ruminate on the Subjects that have, at prefent, 
paffed between us, and render yourfelf more perfect in the 
Ufes of the Globe each different Way, 



DIALOGUE XIII. 

Gn the Ufe of the New Apparatus to the Terres- 
trial Globe, in explaining the Nature and va- 
rious Phenomena of Solar Eclipses, exemplified 
in that which was to happen in 1 764. 

Euphrofyne. 

IW A S fcarcely ever more impatient for any Event, 
than of the Sun-fhiny Morning, to which you ad~ 
j urned. And now the wilhed-for Hour is come, the 
Air is ferene and clear, and we have the faireft Profpcft 
of an entire fine Day : And you will be mindful of the 
old Proverb, To make Hay while the Sunjhines, and apply 
the folar Apparatus as fpeedily as you can, and thereby 
give me the Pleafure of feeing Nature anticipated in that 
future great Phenomenon. 

Cleon. I will do fo ; and therefore, flrft, I apply the 

two circular Arms to the Side of the Box, which are 

moveable up and down, at Pleafure 5 and on thefe Arms, 

he long tranfverfe Hiding Piece, with Teeth on the 

lowfr 
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lower Part,. to the Number of Eighty ; to the middle 
Part of this Piece I apply the Crape, or Shadow of 
the Moon, placed on the Top of a long Stem, or Slip 
of Brafs, before defcribed, and lowering one of the Brafs 
Aims, and railing the other, I fix the Sliding- piece 
cxa£Uy parallel to the Orbit of the Moon, which is 
done by the Diyifions on the Sliding- part of the Arms ; 
then 1 move the Arm which carries the Shadow up, or 
down, in the Sockets, till fuch Time the Number which 
exprefies the Latitude of the Moon from the Ecliptic, 
in the Middle of the Eclipfe, touches the upper Socket, 
and there fcrew it fad. -A Motion is then communicated 
to the Slider by a fmall Pinion, which you fee on the 
Ontfide of the Box, working in the Teeth of the Slider ; 
and as twelve Teeth in the Slider anfwers to one Hour's 
Motion, there will be fix Hours and a half Motion 
upon the whole, if required, which is fomewhat more 
than the Time of any generally Solar Eclipfe. — And 
now, to make every Thing clear and plain, by Example, 
I (hall give you a Reprefentation of that remarkable Solar 
Eclipfe that will happen on the 1 ft Day of April in the 
Year 1764. 

Euphrof. That I underftaod, by what you have faid, 
is the largeft Eclipfe we are to cxpefl for many Years 
to come; and therefore a Reprefentation of it, in your 
new, and natural Method, mud certainly be very 
agreeable. 

. CLo*. That you may have the cleared Idea of this 
Matter, you are to fuppofe yourfclf, at the Time of the 
Eclipfe, tranflated to the Moon; and from thence to 
view her Shadow pafling over the Surface of the Earth, 
which Surface, or Difk of the Earth, will appear fixteen 
Times as large, to your Eye placed there, as the full 
Moon appears to you here ; and all the enlightened Sur- 
face of the Earth will, in fuch a Cafe, be turned dire£tly 
to your Eye in the Moon ; and you would, in that Cafe, 
fee the penumbral Shadow of the Moon gradually com- 
ing on, and traverfing over the upper, or northern Parts 
of the Earth's enlightened Difk, together with the dark; 
central Spot in the Middle. — This Appearance of the 
Earth's Difk, as I faid before, may be reprefented by a 
plobe of any Size, and the Crape to reprefent the 

penumbral 
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penumbra! Shadow, with the Patch in the Middle to 
reprefent the dark Shadow, being proportioned thereto, 
will, when the Machine is in Motion, exhibit to yott 
very nearly the fame Appearance as you would obfenre 
from the Moon.— Therefore, in the firft Place, as it is 
known by Calculation that this Eclipfe will happen 
when the Sun is in the twelfth Degree of Jrits, I adjuft 
the Globe fo, that that Point of the Ecliptic may be juft 
in the Middle of the enlightened Hemifphere, or every 
Way 90° from the Circle of Illumination, and juft at that 
Point of the Ecliptic I place the artificial Sun : Then I 
bring the Meridian of London to pafs through the Sun, and 
move the Hour Circle till the Index points to XII ; and 
as the general Eclipfe begins about twenty Minutes after 
VII, I turn the Globe about till the Index points to die 
Hour of VII.— And fince the Middle of the Eclipfe bap- 
pens a few Minutes afcer X, I move the Shadow on the 
Hiding Piece towards the left Hand, or weftcrn Side of 
the Globe, by a little more than the Space of half die 
Duration »of the Eclipfe, which is (hewn by the Hoen 
and Minutes placed on the Slider, each Way from the 
Middle — Then having raifed the Shadow, by the Scale 
of the Moon's Latitude placed on the Stem, the Machine 
is ready for Motion. 

Euphrof. By all this Preparation, T plainly perceive an 
Eclipfe of the Earth is at hand. When the Machine is 
in Motion, I cannot help feeing, that the Shadow of that 
Crape will very naturally reprefent the Shadow of the 
Moon, as it pafleth over the Surface of the Earth : But 
how do you adjuft that Shadow ? — The Sun fhines, it is 
true ; but his Beams are fo oblique, that I do not fee 
bow they are to anfwer the Purpofe, as they at prefent 
will fall over the Circle of Illumination, when the Globe 
is turned towards the Sun, and fo the enlightened and dark 
Hemifpheres will not be the fame as represented by the 
Machinery. 

Cleon. To all this the Anfwer is ready and eafy ;- 
for the artificial Day and Night may be truly made at any 
Time by the Sun- Beams, or Candle-light : — For if I 
place the Globe toward the Sun, and place a Looking- 
glafs on the Table, (between the Sun and the Globe) 
Mcliqtd in a proper Degree, it will throw the Sun-Beams 

parallel 
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parallels the Horizon, and, confequently, every where 
perpendicular to the Plane of the Circle of Illumination 1 
by which Means, that Part of the Globe will be enligh- 
tened, and reprefent the Day juft as it is in Nature.— 
The time Thing alfo is to be done by placing a Candle 
in the Focus of a large Lens, or Speculum, which, by 
chat Means, will be directed parallel to illuminate the 
Hemifphere required.— —But as the Sun-Beams are moft 
natural, and fitted for our Purpofe at prefent, your Drcff- 
ing-glafs will be the moft proper to difpofe the Rays for 
mating the artificial Day, which you can bring me down 
and fet on this Table. 

Ettphrof I will inftantly go and fetch it j— here it is ; 
and, by the Screws, you will place it in the Pofition 
which you know to be neceflary. 

CUm. I have duly placed the Table, and put up the 
Sad, and now the Sun-Beams fall on the Glafs.— I move 
it up and down, till fuch Time I find the Rays go paral- 
lel to the Horizon, and fall on the Globe as they ought* 
—And now, you have nothing to do but to obferve the 
general Phenomena of the Eclipfe, which, upon my put- 
ting the Machine in Motion, you will obferve to be as 
follows : 

I. You fee the Eaftern Edge of the Shadow come upon 
the weftern Part of the Earth's Surface, and firft touch it 
on the weftern Parts of Africa: Alfo, that the eaftern 
Part of the Shadow gradually paffes along on the Circle 
of Illumination ; and defcribes a Tract on the Surface of 
the Earth, (hewing all that Part, whofe Inhabitants view 
the Sun beginning to be eclipfed at the Horizon, or that 
the eaftern Limb of the Moon touches the weftern Limb 
of the Sun, juft riGng above the Horizon. 

II. Soon after this, you obferve the vertical Line on 
the Crape (which divides the Shadow into the eaftern 
and weftern Semi-circle) will come upon the Circle of 
Illumination, and denote that Tract upon the Surface of 
the Earth where the Sun will appear to rife with the 
Moon, as far advanced on its Surface as (he can be, 
and where the Eclipfe will appear greateft of all at Sun- 
jifing. 

HI. The Middle of this Line, or central Spot of the 
Shadow, will come upon the faid Circle at its Entrance 

0» 
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on the illuminated Difk ; and thofe who inhabit that par- 
ticular Spot, you will eafily obferve, mud fee the Sun 
rife centrally eel in fed. 

IV. As the Shadow advances, you fee the weftein 
Part coming on upon the Earth's Surface, and in .every 
Part, where the weftcn Edge of the Shadow comes \ipoa 
the Circle of Illumination, the Inhabitants of that long 
Trad will obferve the Sun Rifing, with the weftern Limb 
of the Moon juft touching the Sun on the lowed, or 
caftern Part in the Horizon, /. e. they will fee the Moon 
go off, or the Eclipfe end juft as the Sun is rifen. — And 
thefe will be the Appearances of the Eclipfc, at Sun- 
rifing, to the Inhabitants of the weftern Parts jf Africa 
and Europe to the North Pole, or a little beyoud it, in- 
cluding a large Space on the Surface of the Earth. 

V. As the Shadow advances, the greateft Part is 
received on the Surface of the fcarth ; but ail the upper 
Part falls off into the Expanfe over the northern Regions : 
And as it rifes higher and higher above the Plain of the 
Ecliptic, fo the Center of the Shadow goes northerly till 
it has defcribed a Trad!, obliquely, from the Weft of 
Africa to the northern Parts of Mufcovy y whe.e it goes off 
from the Earth. 

VI. By the blsck Circles on the Crape, round the 
Center, is (hewn how much of the Sun's Surface will 
be eclipfed from the View of the Inhabitants who live on 
thofe Parts, where the Circles pafs. Thus they who live 
in the Tract of the Center will fee no Part of the Sun's 
Di(k, but the Sun will be centrally eclipfed to them. — 
Thofe who live under the Shadow of the firit Circle from 
the Center, will view ten Digits eclipfed, or ten Parts 

out of twelve of the Sun's Diameter. Thqfe who live 

tinder the Shadow of the fecond Circle fiom the Center, 

will view but eight Digits eclipfed. Thofe who live 

tinder the Shadow of the third Circle, fee but fix pigits, 
or half the bun's Diameter eclipfed ; and fo in Propqrtiqn 
to the other Circles. 

VII. Becaufe the Sun's Diameter does a little exceed 
the Moon's, therefore the Eclipfe, where central, will 
not be total ; but there will be a Ring of Light all round 
on the Edge of the Sun, which occafions fuch an Eclipfc 
to be called Annular. In fome Cafes, the apparent Sur- 
face 
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Ace of the new Moon is larger than that of the Sun, and 
then the Eclipfe is central, and total. 

VIII. You will next obferve, there is a certain Pbinn 
in the Meridian of the enlightened Dilk, a little beyond 
the Pole, which, while the Globe is turning upon its 
Axis, does only juft touch the Circle of illumination* 
Out goes not beyond it 5 in that very Part they view the 
Sun, in the South Point of the Horizon, neither fetting 
nor riling, with the fouthern Limb of the Moon Juft 
touching it on the northern Edge •, and this is the Term 
where the Beginning of the Eclipfe ceafes at Sim-rifmg, 
and begins at Sun-fet : For, 

IX. When the ealtern Edge of the Shadow has pa fled 
this Point, it will come upon thofe Parts of the Surface 
of the Earth on the ealtern Side, which are palling under 
the Circle of Illumination, into the dark Hemifphere; 
and in all thofe Places which are traced out by the Eaft 
Edge of the Shadow, applying to the faid Circle, the In- 
habitants will view the Eclipfe begin juft as the Sun fets, 
or they will view the ealtern Limb of the Moon, and 
Weft Limb of the Sun touching in the Horizon. 

X. The vertical Line of the Shadow, as it fucceflivcly 
applies to the feveral Parts of the Circle of Illumination, 
will trace out all that Part on the eaflern Side of the 
Globe, to whofe Inhabitants the Sun will appear eclipfed 9 
In the greateft Quantity that can be to them, at Setting j 
and in that particular Part where the Middle of the Line, 
or Center of the Shadow, touches the Circle, the Sun will 
appear centrally eclipfed at his Setting. 

XL As the Shadow pafles on, the weftern Edge comes* 
by Degrees, on the eaflern Part of the Circle of Illumi- 
nation, and the Inhabitants of all thofe Parts which are 
on the Edge of the Shadow, under the Circle, fee the 
Eclipfe end, or the Moon palling off the upper Limb of 
the letting Sun. 

XII. During the Paflage of the Shadow over the 
Earth's Surface, you will obferve the Earth keeps regu- 
larly moving on upon its Axis, the fame Way with the 
Moon's Shadow, from Weft to Eaft, by which Means it 
happens, that a much lefs Quantity of the Surface of the 
Earth is obfeured by the Shadow, than would have been* 
had there been no diurnal Motion. 

XIH. 



126 THE YOUNG GENTLEMAN 

XIII. With regard to any one particular Place, as 
London, for Inftance, you will obferve, that when the 
eaftern Edge of the Shadow comes upon it, the Eclipfe 
Begins; and when the weftern Edge of the Shadow 
touches it, the Eclipfe ends : And when the vertical Line 
# of the Shadow is upon it, the Eclipfe is the grcateft of 
'all, and the Circle nearcft to it win (hew the Digits 
eclipfed. 

AlV. The Time of any particular Phafe is obferved 
for any given Place, by the Hour Circle : Thus the 
Beginning of the Eclipfe at London is there (hewn to be 
a few Minutes after IX, the Middle about twenty Mi- 
nutes after X, and End at about three Quarters after XI, 
and that there will be nearly eleven Digits eclipfed. 
Such, my Eupbrofyne, are the Appearances of a Solar 
Eclipfe, the general Rationale of all which, as exhibited 
in this Manner, I make no Doubt, will be fuffidently 
evident to you. 

Euphrof. I think, every Particular you have mentioned, 
we may, with proper Attention, deduce from bare In* 
fpeftion : — But your Leflbn has been fo long, and con- 
lifts of fuch a Number of Particulars, that I muft take an 
Opportunity of recolle&ing, reconfidering, and pradHfing 
them, at my Leifure ; for though it gives me the higheft 
Satisfaction, to have but a general View, or Notion of 
Things of fo fublime and intricate a Nature, yet it can- 
not be expedted that I, or any one, fhould at once be- 
come acquainted with the Nature and Do&rine of Eclipfcs. 
I think myfelf extremely happy, that I have it in my 
Power to repeat thefc Phenomena whenever I pleafe, by 
the Inftruments you have been fo kind as to provide for 
my Improvement in this Sort of Knowlege. 

Cleon. My Endeavours fhall never be wanting to give 

ru the beft Idea of Things in my Power, and, ere long, 
may put fomething more into your Hands, that will 
contribute to facilitate your Knowlege of thefe Things j 
but it will be previously ncccflary, that you fhould have 
fbme diftincl Notion or what we mean by the Do&rineof 
thofc Projections of the Surface of the Globe which we 
call Maps and Charts : Aud this will be the Subject of 
our next Converfatiou. 
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DIALOGUE XIV, 

On the Nature and Ufe of Geographical Projec- 
tions, ufually called Maps and Charts; 
with a Specimen of one of a New Conftiuftion, 
comprehending the fVeftern, or Atlantic Ocean, and 
his Britannic Majefty's Dominions on the Conti- 
nents of Europe and America. 

CUonicus. 

YOU may think it, perhaps, fuperfluous, my Eu- 
pbrofyniy after we have dwelt (o long on the Ufe of 
the Globes, to trouble you with any Thing more of a 
Geographical Nature ; but, as I have hinted to you in a 
former Conversation, the Globes themfelves will not 
fiiffice for all Geographical Purpofes. On the other hand, 
we are obliged more frequently to have Recourse to what 
we call Geographical Proje&ions of the fcveral Parts of 
the Surfaces, on a Plain, which go by the common 
Names of Maps and Sea Charts ; the former of which 
contain a Part of the Earth's Surface only, the other of the 
Sea Coafis and Oceans. 

Eupkrof. You need not be afraid of my being tired with 
fuch ufeful and pleafant Studies, as the Science of Geo- 
graphy affords; efpecially, as I apprehend the Ufe of 
Maps is fo very conGderablc, that the greateft Part of our 
Pleafure in reading Books that give us an Account of 
the feveral Parts 0? the World, is derived from thence ; 
lor without them, fuch Treatifes rauft be very dry and 
wnentertaining : Therefore* let me know as much of their 
Mature and Ufe as you poffibly can. 

Ctton. I will relate to you every Particular that I think 
can be of Service concerning them \ and, in the firft 
Place, we may obfervc, that they are of two Sorts, 
General and Particular ; a general Map is a Proje&ion 
?f the globular Surface of the Earth, on two circular 
Planes, which are ufually called Maps of -the Worm*. 
The particular Sorts,, are only Maps of ibme particular 

Ceuit* 
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Countries, Sea Coafts, Seas* Sfr. How thefe are made* 
1 (hall (hew in their Order, and obfcrve to you, the De- 
ficiencies and Excellencies of each, and then prefent you 
with a new and general Map, of a Kind that has never 
. yet been publifhed. 

Euphrof Thefe are Particulars I (hould be very glad 
to be inftrufled in ; and, in the fir ft Place pleafe to let 
me know how the general Maps of the World are 
formed. 

Cleon. I will ; but, for this Purpofe, you mud call to 
your AflSftance the Power of Imagination, and fuppofe, 
that you had a Hemifphere, or Half Globe of Glafs, and 
that the Bafe of this Hemifphere Was every where termi- 
nated by the general Meridian that pafTes through the 

Ifland of Ferro in the weftern Ocean. Then you muft 

imagine, that over all the Surface of this glals Hemif- 
phere, the various Continents, Kingdoms, Countries, 
Oceans, Seas, &c. are all nicely drawn, in Water-Co- 
lours, fo as to represent completely the caftern Hemif- 
phere of the Globe, divided by fuch a Meridian.— 
Then, in the next Place, fuppofe a Glafs Plane were 
placed upon the Bafe of this Hemifphere, and then both 
placed in a perpendicular Situation to the Eye, you can 
eafily conceive that all the Parts of the painted Hemifphere 
will appear upon the Glafs Plane, as it they were there 
projected by the Rays of Light drawn from every Part of 
the painted Hemifphere to the Eye. 

Euphrof. All this I can eafily image to my Mind: I 
could wifh nothing was more difficult than the Power or 

Art of Imagination. But whereabout, and at what 

Diftance muft the Eye be placed to view them as rhey 
appear in Maps ? For I readily under (land, that this 
Glafs Plane, with the Geographical Delineations upon it, 
is the Map you are fpeaking of. 

Cleon. That is the very Thing. — The Eye, at a cer- 
tain Diftance, views the tranfparent Hemifphere, and 

projects its variegated Surface on the Plane : But, 

according to the different Diftance of the Eye, different 
Sorts of Projections will arife, and confequently different 
Maps of the Hemifphere will thereby be formed. 

Euphrof. Well, but fince the common M<»p of the 
World is in all our Houfcs, my Cuiiofity induces me, 

fixft, 
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firffc , to inquire, where the Eye is to be placed for view* 
**"*§£ the Hemifphere fo a9 to produce fuch a Map on the 
gl ^fi» Plane?— 

C^/ton. The Situation of the Eye in that Cafe, my Ew 
P^^^/y^e^ is ex.ictly ngainft the Middle of the Hemifphere, 
and that the Diftance is half of the Diameter of rbe faid 
" e rnifphcre, or Globe: Thus, for Example, fuppole the 
Cilobe were twelve Inches in Diameter, then the Point 
5j Sight, or Place of the Eye, is juft fix Inches from the 
Center of the Hemifphere. — The Eye, in that Pofition, 
°r at that Diftance, views, upon the tranfparent Plane, 
the Surface of the caftern Geographical Hemifphere ex* 
^*'y the fame as you fee in a twelve Inch Map of the 
^^Orld, in the right-hand Circle. 

&**phro[. I very clearly underftand your Meaning; 
?**** izi the Tame Manner, the Map in the left-hand Circle, 
deluding America* is alfo formed ; you need fay no more 
to line on this Head, as I am fully fatisfied of the Manner 
£\***^lring thefe Maps: But their peculiar Properties, or 
^-«a racier, I (hould be glad to hear you rehearfc. 

Cf&nn. Thefe I will enumerate in Order; and firft, it 

mu ft be obferved, that the globular Sui face of the Earth 

canr *CK by any Means be fo rcpreiented on a Plane, as to 

prc *«rve that Proportion and Relation of all the Parts to 

^^H other, as they have on the Globe itfelf ; but in this 

j^'^^Hon Map, or Projection, we are now fpeaking of, 

p at Proportion and Relation is lefs preferved, or the 

/° u *'* tries more diftorted, than in any other Sort of Maps 

, c °mmon Ufe, even to fuch Degree, that you obferve * 

1 c ^"Ieridians and Parallels are almoft twice as near toge- 

(v er * in the Middle Parts of the Map, as they arc on the 

at ****"ide: Whereas on the Globe, they are every where 

^ ^*> equal Diftance; which Equality of Diftance ought, 

jL ^jj *ich as pofliMe, to be obferved in Maps : Since, when 

t ^ *^ Distances are fo very unequal, the Magnitudes of 

*p Several Parts of the Country will vary greatly fn m the 

1^ ^^-h, or from the Proportion which they have among 

.^*^*felves. Thus, for Inftance, the Ifle of MadagaJ'car^ 

---*■ 

The Reader is here fuppofed to have his Eye upon one of 
: common Maps of the World, as that in the Begioningof 
otis Geographical Grammar , CSV • 

ol. II. K in 
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in the Middle of fuch a Map, Appears near four Timet 
lcfs than it would do if placed on the OutCdc ; and the 
Ifland of Great Britain, near the Meridian, appears, in 
Proportion, as much larger than what it would do placed 
in the Middle of the Map. — Not only, therefore, the 
particular Dimensions* but alfo the Bearings, Diftances, 
and other Geographical Relations of Plaees, are hereby 
very much perverted, which, as they give wrong Ideas 
of Geography, and lead the Mind to Error, muft cer- 
tainly prove this Sort of Map of very ill Confequence to 
the literary Republic, and fit only for the Amufement of 
ignorant rerfons. 

Eupbrof. If thofe Maps juftly deferve fo bad a Cha- 
racter, as you have plainly proved, I would be glad to 
know how they came into fuch general Ufe ? 

Clion. It is in this as m all other Cafes ; bad Things 
generally have their Rife in Ignorance, and are continued 
by Cuflom. 

Cu/lom, that Mankind into Slavery brings ; 
The dull Excvfefor doing fdly Things. 

Roscommon. 

And there can be no other Apology for fuch a vicious 
Sort of Maps, which are the (landing Opprobrium of the 
learned World •,— but of thefe we have faid enough, and 
wore than they deferve. 

Eup/jrof. What Sort of Projeflion, or Map, would 
you then recommend as approaching nearcft to the Proper- 
ties of a Geographical Map on the Globe ? 

Clem. To this I will give you an Anfwer in few 

Words : There are certain rofitions of the Eye, in 

which the Meridians will be proje&ed, on the tranfparent? 
Plane, at equal Diftances from each other ;. but there is 
no one Pofition of the Eye in which they appear fow 
However, it was always eafy, by the Rules of Ait, to 
draw them in this Manner, as well as all the Parallels 
equally diftant in the middle Parts of the Map; an J 
fince, in this Cafe, the Inclination of Meridians is every 
•where the fame as on the Globe, and the DHlance of the 
Parallels in all the middle Parts the fame as on the Globe, 
therefore this Projection has defervedly merited the Title 
it bears, viz. the Globular ProJ4£iion y or Map of the 

World 
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World— of which this is a particular Specimen *, which 
I prefent to you for your Ufe. 

Eupbrof. I am greatly obliged to you for this curious 
Prcfent, and for the Care you take that my Ideas are 

formed on the jufteft Plan. lean, indeed, fo readily 

perceive a Difference between thefe and the common 
Maps, that I cannot but wonder how one of fo much 
Beauty, Elegance, and Truth, fhould have been fo little 
regarded, in Com pari Ton to that vulgar, erroneous, and 

deformed one in common Ufe. 1 can eafiiy perceive, 

that in this new Map of the World, the Countries have 
the fame Proportion, nearly, as they have on the Surface 
of the Globe, fo much, indeed, that when I compare 
diem with the Globe itfelf, I can fcarcely perceive the 
Difference. — Pray, what other Maps of the World are 
there, beGdes thofe you have already mentioned ? 

CUon. There are none of general Ufe ; fome have been 
made, by projecting the Surface of the Earth on the 
Plane of the Horizon, which have their particular Ufes. 
—Others are made on a particular Scale, called Merto- 
Ur's Prcjiflion ; in which the Meridians are all ftrait 
Lines, and parallel to each other ; and in which the 
Degrees of Latitude increafe in Proportion as the De- 
grees of Longitude decreafe, in going towards the Poles ; 
but thefe are chiefly in Ufe in Navigation, though not 
altogether unworthy the Notice of any young Lady, or 
Gentleman, inclined to Philofophical Studies. I need 
not infill any longer on the Nature of genera] Maps, or 
their Ufes in finding the Latitude, Longitude, &fc. of 
particular Places, fince thefe are common Topics you 
are, by this Time, full well acquainted with f. 

* See the New Globular Projection, or Map of the 
World, with a Solution of all Geographical Problems, in a 
circular Space about each Hemifphcre : A Kb, the Map of the 
World at the Beginning of the PbV.ofipliical Gegrap/jy, 

P*g* 33- 

•f Such of our Readers who defire a more particular Ulof- 
tration of this Affair, may pleafe to caft their Eye upon a 
J>i*gr*m in Plate 39, where A B D is the Hemifphere above 
described, and A C D the tranfparent Plane on its Bafe ; the 
Point £ is the Place of the Eye, to view the feveral Parts of 
that Hemifphere upon the Plane, according to the com moo 

K 2 Projc&ioo, 
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Eupbrof. You intimated, there were different Sorts of 
particular Maps : I fliould be glad to know their Difference 
and Peculiarities. 



Projection, that is, EC is equal to A C. The middle Point 
of the Hcmifphere at 90 will be proj^tted on the Point C in 
the Glais Plane ; and if from \hz Point V the Line VE be 
drawn, it will reprefent the Ray of Light projecting the 8o # 
in the Point N; and if from th«- P«)int b we draw the Line SE, 
it will be that Ray of Light which project the io° upon the 
Point P in the faid Plane. Now from a Table of natural Tan- 
gents it may be (hewn, that A P, the Projection of io°ontbe 
Side of the Plane, \s almoit twice as large as N C, the pro- 
jected Diilance of io c in the -Middle of the Plane; and if 
Lines were drawn from E to zo t 30, 40, 50, 60, and 70 in 
the Hemifphere, they wou : d inter feci the Plane in the dotted 
Lines which you fee placed there by the fame Numbers, and 
the Intervals between thofe Lin's on the Plane will be all' 
unequal : But thefe are the fevtral Points through which the 
Meridians a:e drawn, whicli ihe.vo the ReaVon why all the 
Meridians arc at unequal Diilanccs in the J'iquator of our com- 
mon Maps. 

But if you now call your Eye on the other Side of the Hemi- 
fphere. you will there perceive the L : nc C D divided into 9 
equal Parts, and the 8o c at "\V wiii be projected on the Point 
Pvi in ihe Plane, by a Ray dr.iwn tioin \V io the Point M, and 
iiiceting with thj Axis of the rit rmlphefe (continued out) in 
the Point G, whuh, there:ore, will bj the Place of the Eye ia 
this Cafe. Then, on the Ilemil^h'.-re, from io° at 1' draw a 
Line through ihz L'ivifion at Q_. i>.i.s will meet with the Axil 
of the Hemifphere ;n the Point ] ; , \vhe;e the Eve mult be placed 
from the Projection of the hrit io" ; and iiuce ull the Intervals 
are equal between Qj».nd M, the doited Lines pafling through 
their Divisions, there marked and ai.-cclcd to thecorrefpondent 
Numbers in the Quadrant D B, will all be directed to Points 
between F and G ; and therefore, in Cafe of the globular Pro- 
jection, the Eye has not one Petition, but muft be conceived 
to move through the Space F G, to view the feveral Part* 
which lie between D and i>, in the fame Proportion and D:» 
itance on the Plane C D, as they have in the Hemifphere itfelf 
between D and B. If the Radius of the Globe CE befop- 
pofed to cor.uft of ico equal Parts, then C F will be 160, and 
CG will be 175. 

If the Eye be fuppofed removed to an infinite Diflauce, then 

will all the Rays which proceed from the lev era I Divifioni 

8 IO 



AND LADY's PHILOSOPHY 133 

Cl*org. Thefe, wi h refpcft to particular Places, area 
much jufter Repreiciuntion of them than general Maps 
can be 5 for, if only one Kingdom or Country is to be 
rcp re rented, this may be done, nearly, with as much 
Truth as on the Globe itfelf, and is of much greater 
Advantage in one Relpe£V than even the Globe, as it will 
admit of a much laigcr Scale, and, of Courfe, a more 
fpacioti:*, diftini*, and exact Delineation of any luch par- 
ticular Counrrv. 

££**phrof. This I immediately fee the Rcafon of f fince 
a ffnall Trac!, or Area, on the Surface of a Globe, dif- 
fers very infenfibly from a Plane. Thus, the circular 

frp^ces of ten Degrees on the Surface of a twelve Inch 
^ J ^ c >t>e^ differs but very lirtle from the Plane, and yet 
co U ri prehends the Jfland of Gnat Britain, and all the 
adjacent Country and Coaft about it — On larger Globes, 
** f^tift differ ftill lefs from a Plane ; and therefore the 
Parts of Great Britah:, the EnobJI) and Irijh Channel, 
** er m£*Ti Ocean % t?c. when laid down from a large Scale, 
"J ll *k b>c confidered as Part of the Surface of a very large 
Globc % 

C/rojy. What you obferve is very juft, and you may 
eafily know how large the Globe muft be, to have the 
^Q**Otry of the fame Dimenfions upon it as you fee in the 

\T a F* — — Thus, for In fiance, if you fee a Map in which 
j c H>egree6 of Latitude on the Side thereof are juft one 
p c ** in Length, then a Globe, of which that Map is a 

■J* r * of its Surface, will be ten Feet in Diameter ; for 

" er e will be 360 Inches in its Circumference ; becaufe 
^** Cr » I3egree is one Inch in Length, and the Diameter of 

Uc H a Globe being a third Part of its Circumference, 

J?* a ^» 30, i€c. as SL V K, will be parallel among them- 
T v ^s ; and therefore the Projection of io° in the Middle of 
tfc ^«roif F here, by the Ray V K, will be R C equal to V B, 
• !? ^ine of io° : But on the Side of the Hemifphere the" Pro- 
"J- ^ 0lJ of 1Q °t by the Line SI, is no more than o A, which 
^ S<^ verfed Sine of io°, and is very fmall in Com pari fon of 
p.^- in the Middle. In this Projection, the Meridians arc 
j c J^ 1 J > **»t and conftitute.the Analemma> or Orthographical Pro- 
4^ll ,0fl c ^ l ^ c s ph erc » of confidertble Ufcin Aitronomy, and 
** *>e hereafter more fully explained. 

K 3 .nearly, 
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nearly, or 120 Inches, which isjuft 10 Feet: — There* 
fore a Map, where the Decrees of Latitude are half an 
Inch in Length, will be the Part of the Surface of a 
Globe half fo much in Diameter, or five Feet : — If the 
Degrees in a Map are ~ Inch each, the Diameter of the 

Globe will be thirty Inches. On the other hand, if 

the Degrees of Latitude are two Inches Jong on any 
Map, then fuch a Map is Part of the Surface of a Globe 
twenty Feet in Diameter, and fo in Proportion for De- 
grees of any other Length. 

Eupbrof. By this, I am at once convinced of the great 
Utility oi paiticular Maps of Countries, fince they pre- 
sent us with a juft View of the feveral particular Parts of 
the World, as they would appear to the Eye on the Sur- 
face of fuch very large Globes, which it is not in our 

Power to have. 

Clean. But befides what you have now very pertinently 
obferved, there is one considerable Advantage accruing 
from fuch particular Maps which we could by no other 
Means become pofiefled of: — I mean, that in fuch Maps 
we can eafily exprefs the true Form and Dimensions of 
Countries, together with the Lengths of the feveral De- 
grees of Latitude in the fame Proportion as they lie on 
the Surface of the Earth itfelf, that is, on the Surface of 
a SpJjercid, and not of a Sphere or Globe : For, as any 
Globe we are capable of making will be much too fmall 
to fiiew that Difference which would be very fenfible in 
Globes of 20, 30, or 40 Feet in Diameter, we dill en- 
joy that Advantage in Reprefentations of the particular 
Parts of fuch very large Globes, in our common Geogra- 
phical Maps of Countries. 

Euphrof. If I under fland you right, our Maps of 
Countries mould be taken from the Surface of a Spheroid* 
and not a Sphere ; and that the Degrees of Latitude in 
them fhould not be precifely equal, as we find them in 
common Maps. 

Clton. That is the Cafe. Our Maps are fuppofed to be 
the Reprefentations of Spheres, when they might, at the 
fame lime, be as well made to reprefent a Spheroid of 
the fame Dimenfions, wherein nor only the Degrees are 
of an unequal Length, but llkewife the Extent, Situa*. 

tion 1 



AND LADY^ PHILOSOPHY. 135 

tioa, and Form of Countries are very different, on a 
Spheroid, to what they are on a Globe — Thus, for In* 
fiance, the Situation of England* on the Surface of a 
Spheroid 10 Feet, is almoft a whole Inch nearer to the 
Equator, than it is on a Globe of the fame Diameter: — 
Alfo, a Map of 10 Degrees Extent, in the middle Parts 
of the temperate Zone, will be larger than one of 10 De- 
crees Latitude near the Equator, and lefs than another of 
10 Degrees within the polar Circle ; whereas, our com- 
mon Maps of 10 Degrees Extent, for any Parjt of the 
Globe, are always equal. 

Euphrof. Such a material Point as this one would think 
would greatly excite the Curiofity of all the Critics iu 
Geography ; and I wonder it has as yet been fo very little 
attended to. 

C/eon. It would be a Wonder with every one, as well 
as with yourfelf, were it not confidered how great the 
Difficulty is to conquer any Thing eftablilhed by com*. 
mon and univerfal Praclice. 1 Our Logic extends to 
little more than this: They have ever teen made Jo, and 
therefore they ever mujl. And our very Critics themfelves 
have fo much Candour and Ingenuity as to treat every 
Thing with a fupercilious Sneer, and to rcprefent as a 
Novelty, of no Importance or Ufe, whatever they bavt 
not the Fortune to hit upon themfelves: However, we 
{hall always find Numbers who are candid and judicious 
enough to encourage any Invention which tends to the 
Perfection of any Art or Science, though there were 
pothing elfe to recommend them: It has been largely 
Jhewn, that the ^Difcovery of the true Figure of the 
Earth is of this Kind, and that Geography, Navigation, 
Aftronomy, and many other Sciences* receive very great 
Improvements in many Particulars from it ; And therefore 
fuch a noble and important Difcovery ought not to be 
omitted, or neglecled in our Maps $ for which Reafon, a 
New System of Geography, for the Ufe of our 
JJritiJb Youth, whofe Maps are all formed upon a Plan 
of the new Difcovery abovementioned, becomes abfolutely 
neceflary, if we regard either the Truth or Honour of 
fjiis delightful Science of Geography. 

puphrof. Such a Set of Maps I fhould greatly rejoice 
K 4. IQ 
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to fee *, as I have no Notion of being fatisficd or con- 
tented with a bad 1 hing, when better may as well be 
had ; for I apprehend there is no more Expcnceor Diffi- 
culty attending the one, than the other. 

Cteon. 1 here is not in the lead : and you will (hortly 

be gratified in this RefpecX There is yet one other 

Species of particular Maps, which is quite of a new In- 
vention \ and as it is a great Curiofity of this Kind, and 
no Map has been hiihei to conftru&ed on the Flan, I have 
been at the Trouble of drawing one myfelf, on Purpofe 
to make you a Prefent of it, as 1 wifli to have nothing 
new or curious go beGde you, or come to you at Second- 
hand. 

Eupbrfif. * Pray, let me look at it. It fecms to be an 

elegant Defign ; and differs manifeftly from the Ap- 
pearance of other Maps 5 but in fuch Particulars, as I 
can hardly tell what they are 1 fee it is very capa- 
cious, and takes in large Trafls of the Continent of Eu- 
rope, A/ia, and Africa, on one Side, and of North Ame~ 
rica and the IVep-Indtes on the other Side, with a View 
of all the Atlantic Ocean between them ; and yet, methinks, 
the Map is not large, for fuch an extenlive View. 

Cleon. There is fomewhat very fingular in the Con- 
ftrudion, as well as the Form of this Map. — Would 
you ever have thought of a lteprefentation of the Surface 
of the Globe, by a Fait of the Surface of a Cone ? And 
yet ycu will ealiiy underitand that this is the Cafe in 
regard to the Map under Conflderation ; for you may 
plainly fee, that the Form of the Map itfelf belpeaks it 
to be a Part of the Surface of a Cone ; — and the Surface 
of a Cone, you know, may he eafily formed of any plain 
Piece of Paper, cut into a circular Form or Bafe; and 
you will ao eafily consider, that if a Cone, about twice 
the Height of the Semi-diameter of the Globe, were to 

be 



* The New Si stem c/Gkography, for the Ufe of 
Schools, is thai which is now publifhcd under the Title of 
Philosophical Geography. In which all the Maps are 
itrittly the Reprefentations of fo many Parts of ihejp/jerudical 
Figure °f ine fcanh, and the Degrees of Latitude divided into 
Minutes; alfo the Difference between thofe Degree*, as they 
Jie on the Spb.nid and Sphere, is fpecified in every Map. 
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be conceived as (landing on the fame Bafes with the He- 
fflrfpJiere, that is, on the Equator, the Surface of fuch a 
Cone would in Part lie within the Surface of the Globe ; 
and then, nothing can be eafier than to fuppofe that the 
Surface of the Globe, at fo fmali a Distance from the 
Surface of the Cone, might be very eafily projected and 
delineated upon it ; and in fuch a Cafe, the Proportion 
tf the Countries, and their Bearings, DMances, l&£* 
•ill be nearly the fame on the surface of the included 
Part of the Cone, as on that cf the Globe itfelf ; and 
•ben fuch a geographical conic Surface is cut out, and 
expanded, it makes the Map which you have in your 
Hands.— The principal Peculiarities of this Map arc as 
follows. 

I. All the Meridians are right Lines, but converge 
towards the Vertex of the Cone, as the circular Meridians 
•d the Globe converge towards the Pcie. 

H. The Diftmces, North and South, arc exact ; and 

ln 7 Meridian will ferve as a Scale, to meafure thefe 

Puttees by, in this Helped; fo far as the Map extends, 

l(|| iiudeed, as true as the Globe, on which the De- 

8 rce « of Laritude are all equal ; but neiiher this, or any 

°btt Map, or Chart, can have the Distances, North 

and South, fo true as thofe which are made from a Pro- 

F&i°n of the Spheroid, as I have be/ere obferved to you. 

v '^- The Parallels of Latitude, in this Map, are all 

^"'-diftant, or truly parallel to each other, as they are 

0il *c Globe. 

V • The Meridians and Parallels intcrf,cl each other 
at f'ght Angles, as on the Surface of the Globe. 
r - As fuch a Cone, on which this Map is made, is 
pPPofed to pafs thiough the Surface of the Globe in two 
Y^s, the Parallels ot Latitude, in thofe l J iuces where 
Vj e ^one intcrfecls the Globe, will be the Line in the 
'J?P us on the Globe itfelf, /. t. all Di (lances Eaft and 
. c *l may as truly be meafurcdupon them ; which Paral- 
, ♦ in the Map before you, are thofe of 20 and «o° 
L ^tude. 

„ M. Bat fince the Middle Part of the Map on the 
^. ur £ice of the Cone lies within the Globe, the Meri- 
™ An S on that Part of the Globe will be it a greater DilUnce 
™*U thofe Pans of tl.c Meridians project: I on the Map, 

and, 
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and, confequcntly, the Parallel of 35 , and thofe near 
it, will be deficient from the Globe, or give a lefs Di- 
stance than what is juft ; or any two Places on the Mid- 
tile of fuch a IVLip mull be reprefenred fomething nearer 
together than ihey are upon the Globe, if their Longi- 
tudes be exactly expreficd. 

VII. On the other hand, thofe Parallels which termi- 
nate the M ;p have an t rror in Exccfs : Thus the Parallel 
of 10 and 6o°, as they ate projected from Parts of the 
Globe which lie within the Cone, mult have a greater 
Space between the Meridians than their correfponding 
Parallel on the Globe have : And thus, Places in thofe 
Parts of the Map are reprefentcd at too great a EH (la nee 
from each other. 

VIII. The quadrangular Spaces formed by the Meri- 
dian > and Parallels, have their Diagonals equal to each 
other, as on the Globe itfelf ; which is a Property pecu-r 
liar to this Projection, which is not a rectilineal one, 

IX. The Quantity of Surface reprefented on this Map 
is exadly the fame as that of the fame Extent on the 
Globe itfelf, and therefore differs no more from the Truth 
of the fpheroidical Projection, than a Globe does from a 
Spheroid, which is the true Figure of the Earth *. 

X. As the Errors in one Part of the Map arc in Ex- 
cefs, and the other in Defedl, and the Extent of each 
pearly equal, they will, upon the Whole, in a great 
Meafure com pen fate each other, and are in general of trie 
Jeaft Quantity they can have in the Map defigned. 

XI. As a Thread extended from any one Place to an- 
other, on the Map, will, when the Map is reftorcd to 
its conic Surface, dill pafs through the fame Points, 
therefore the lliorteft Dilbnce between any two Points 
on this Map is the right Line that joins them ; and there- 
fore fuch Dnlances applied, by the CompafTes, to a gra- 
duated 

* As fome of our young Mathematical Readers may be 
defirous of feeing a Demontlration of the Nature and Con- 
i:rudtion of this itfap, and the feveral Properties here enu- 
merated, deduced tnerefrom, we have thought proper here to 
add it by Way of Note, and to illuftrate the fame with a pro* 
per Diagram. 

The 
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dtiated Meridian, will very nearly (be w the true Di (lances 
of the Place reprefented in Degrees, Miles, or Leagues, 
as is done by the Quadrant of Altitude on the Surface of 
the Globe itfelf. 
XII. 

The learned A 0- 

tborof this Inven- 
tion has given as 

the Theory there* 

of from Archimedes* 

bat as we can eafily 

derive it from our 

ownloftitutev we 
apprehend that wiH 
he mod agreeable 
to oar Readers. 
Let EMPbe the 
Quadrant of a Me- 
ridian of a Globe 
twelve Inches Dia- 
meter; whofe Cen- 
ter is C, and Pole 
P. El. EL, the 
Latitudes of two 
Places in that Me- 
ridian ; E M their 
middle Latitude. 
Draw CM and 
therein And the^ 
Center of Gravity 
(x) of the Arch L/, (by 1077) aD< ^ thro'* draw Qj perpen- 
dicular to C M, it will interfcft the Arch L / in thePointsjr 
and % eqoidiflant on each Side from the Point M. Laftly, ia 
the Line Qj, make * R, and x r, equal to the Arches hi L 
and Ml, refpe&ively ; then the conical Surface generated by the 
right Line R r, while the Figure revolves about the Axis C t t 
will be equal to the Surface of the Zone of the Giobe that is de- 
ferred at the fame Time by the Arch L M /, (by Infl. 1085.) 

For Example, by the Problem (Inft. 1077) we have Cx=s 
CM y LB 
• r-p* 9 which gives this Analogy ; as any Arch M L is 

to its Sine LB,> is Radius C M to C x, the Dijlance of the 
Center of Gravity x of twice that Arch* L /• 

In this new Map, the Extent or Difference of Latitude it 
50 zzhli therefore M L=2S° = 2,6179 Inches to a Radios 

of 
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XII. In Maps of this Kind, which arc but of fi 
Extent in Latitude, as io f 15, or 20 Q , the Error* 
Geography will be extremely fmall, and may be li 
upon as fufficicntly exalt for any common geogra] 
Piirpofes. 

I might enlarge farther on the Novelty and Peci 
ties of this Map, and (hew its Ufe likewife as a 
Chart \ but as thefe Things will not immediately a 
you, I (hall wave them for the prefent, as I fear I 
almoft tired your Patience already, by fo tedious an 
rangue. i 

Eupbrof. You know my Propenfity to Science, 
the Plcafurc I take in being acquainted with all new 
ufeful Inventions, will ever render your Difcourfet, jjp 
fuch Subjects, grateful and acceptable : And as this 
is not only Angular in its Kind, but likewife contains 
large a View of all the Continents of jthe World, 
that Part of the vaft Ocean which England is more 
ticularly intereftcd in, it gives me the higheit Plcafui 
P* 

of 6 Inches (fee InP. 8S5.) Alfo, the Sine B L of thefattf 
Arch is 2,5358 Inches therefore lay, . 1 

As the Arch M L = 2,6179 °»4i79%3 

Is to its Sine T> L " .',5358 0,4.04:0^ 

So is Radius CM -- 6 — 0,7-^151 '' ; 

i»i8.»3 5q { 

To theDitlanccC.v == q,Si 16 0,704^*7 

So that the Side of the Cone Qj falls within the Zone Llit 
about -I of an Inch s=z M x, winch is the verfed Sine of 14°: 
.-4' = M z or M v. 

From this Contlruclion it is evident, that in a Map made Oft 
*hc conic Surface between R and r, the Dillance of the Men* 
dianb in the middle Part at .v will be ItTs than on (he Globe •£ 
M ; and on the extreme Tarts at R and r, they will be wi^CT 
afunder than on the Zone of the Globe at L and / ; and laAljf, 
at z and jy they will beequidillant on the Cone and Globe. 

It is farther evident, that as the Point M advances to tfcp 
Equator J\, the Point / will arrive at and pafs tiie Equator into 
fouthern Latitude; till at lad the Point M coincides withlS* 
the Cone becomes a Cylinder, and the Map takts in equal De- 
grees of both Latitudes, but its Properties otherwife contioiyB 
the fame. Upon the Whole it appears, that a Map in no Kio4 
of Projection can be fo true and perfeft a> on the Globe itfelf. 
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m snd all other Planets from the Sun, and from each other. 

f w ouId become known alio. Thefe are great Things, 

1 « is true; but as they all refult from Parallaxes, it is at 

Patent aUparallatical Myftery to me. 

C4w. You feem to be much gravelled with the Wot J 
**rallax, my Eupbrofynt ; I own, it 1* Greek* and has a 
^™ar(h Sound : But this is not the only Grerk Word that 
*^3 t harffi Sound, and an eafy Signification ; for the 
Idea it conveys is as Cm pic and as eafy as any Word can 
PofliMy have: — It means nothing more than the Dif- 
ference of Place in which any Thing will appear when 
*^c*i from two different Pofitions of the Lye, as will be 
?*'jto illuftratemy Example. — I take this Candle and ftt 
*C on a Table again ft the Wainlco'. on the other Side or 
***e Room 3 Then, as you lit on that Side the Fire- 
Pface, and I on this, if we both look at the Candle at 
*he lame Time, we each of us fee it in a different Place, 
° r on different Parts of the Wainfcot ; for the Place here 
^^ant is not the real Place of the Candle, but that on 
**oich it appears on a Plane, placed on one Side or the 
°*Ocr: — and thus you may conceive, it" an Eye was 
£*^ced in the Center of the Earth, and another on the 
^ u rface f and both together were to view the Pl.inet Venui 
as die pafles over the Sun, then the Face of the Sun ir 
*° be conGdered as a Plane placed beyond the Planet, 
Sj 1 ** on which the Planet will appear in two different 
?*ts, as viewed by the Eye in two different Po(itioii». 
2^1*. the Center and Surface ; and this Difference of 
***ce is wbat we call the Parallax of that Planet. But 
*\J« will be much eafier to conceive from a Diagram, in 
T^**Ich yon will, by and by, fee this whole Affair repre- 
J^^ted. — At prefem, your BuGnefs muft be to familiar! fc 
»K *** Phenomenon to your Mind, by a lleprefentation 
*l^*tof, under all its various Circumflances, by Means 
2* the terrcftrial Globe, in which you will find no Sort of 
difficulty. 

JZufhrof. You will firfl put me in a Method how I 

^Uft go about it ; for without fome previous Inftrudion, 

^twith Handing all you have faid concerning the Ufe of 

~*^ Globe, it will ftill remain ufelcfs to itic in tbi» 

Articular. 
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Clem. What you now fay proceeds only from your not 
confidering one Thing, viz. that the Subjeft, or Tran- 
fit of ^fww*, is on the Face of the Svn y and, confequcntly, 
that you have little more to do than to praclife thofc Pro- 
blems over again which rtquirc you to find all ihofc 
Parts of the Earth where the Sun is vifible in the Meri- 
dian, or in the Horizon, as Fcifing or Setting, on any 
given Day or Hour. 

Eupkrof By -what you n<w fay, I fuppofe the (lift 
Thing I have to do is to find the Sun's Place in the 
Ecliptic for Juue 6, 1761 : But to what Hours of that 
Day is the Problem limited ? 

Cleon. 1 he Moments of the Beginning and End of the 
Tranfit are the principal I irr.es to be regarded, and all 
the 'lime between them, of Courfe : — 1 hefc Moments, 
according to the fagacious Dr. H .lity** Account, ore 24.' 
after two o'Clock in the Morning for the beginning, 
and End at 29' after IX in the Forenoon, 1. e. Vtnut 
will be ieen a round black Spot in the Face of the Sun t 
touching the eaft and weft Limb thereof at thofe Mo- 
ments, juft in the Manner you fee heie re pre tented in 

this Print, of which more by and by. B:it to return 

to the Globe: As the Tianlit begins at the 'lime fpe- 
cified, the fir^ Thing you have to do v. ill be to find all 
thofc Places of the Earth \vher*s the Beginning of the 
Tranfit will be vifible. 

Euphrof. Jn order to that I obferve, for the given Day, 
the Sun's Place is in the io° of Grmini, audits Decli- 
nation 22 30'. — Now, as the Globe mull be rectified 
to that Degree of Declination, I mud bring the faid 
22° 3</ on the North Part of the Meridian to the Hori- 
zon : Then 1 bring the City of Londcn to the Meridian, 
and hold it there while I place the hour Index to twenty 

Minutes after II in the Morning: This done, f 

revolve the Globe till the Index points at the Hour of XII, 
and then I obferve that all the Hemifphere above the Ho- 
rizon will fee the Sun at that Time, and confequcntly 
view the Beginning of the Tranfit, which therefore will 
be vifible to almoit all Afia and a great Part of Eurott 1 

but to the weltcrn Part of North America only. -By 

calling my Eye below the Horizon, I fee the whele Con- 
tinent of Africa^ with great Part of Afia y Eurcpe^ and 

America* 



Gam. Sc far 531 t^-i?x-"::-2r£i Tr«:'.. rrx >\. fcl -/w 
jjw; bax wzr rqp.-i. - :^:* 7'izl\ :: is a :v.j:;;:*I 
foist to u»r ii incac ra^.f -c rrr Ei-:b :>c l:\;:c 4 .s or 
Beginuag of a>s Tn^is: -i r.Jr*i z: 5-3- r ;:;;•£ ar.d Sul- 
fating. 

Eufbrsf. This is isr := :re ir:f PoetLm of the (ilobr ; 
for all these who arc .z j-r ir=i-:r. Kori?.^i of the (ilolir 
obfavctbc Sen ritrf, w.ir :>.? Planet /"■•:« juil cntri- 
ingopoD iis Dii : -ads i-e 2]] the Inhabitants of tlic 
midland Pans of-Sufir, JA Cvtj in £&.''.*<-, ,/v.i .1 /#»«■# # 
in&Arak*. — jindtr.:fe t? whom the Tranric begins ur 
Sun-fet are fuch u :ie under the calrorn KJgc of ili<* 
Horizon, fuch are all the Parts of Ami; l>rir.i!rt % A#wi» 
/fifa, and the more weftern Parts of Xjtth Amnim, 

Ciw. Very good, Sifter — You will p:trtiitil.uly cih- 
fcr»Ci that Hud,;ns Bay is among the Nttmhrr of limb? 
M mentioned Places, and efpecially Poit Ntlfin •M tin- 
Month of York River, as it has a little b.lcvaiiun iihou- 
"fe Horizon, and therefore will fee the Krginning o( il.>- 
Traafit about } of an Hour before Sutifrt : Tin: Kraion 
*J7 1 obferve this, you will fee by and by.—.— -Y«><< 
•ill next let me fee all the Farts of the larth whr.n- ii> 
Middle of the Tranfit will be vifible, wlm.ii li.i|>|irui , ? 
SSp*ft five in the Morning with us. 

Eufbrof, For this I have nothing more to do \\iau only 
to bring London to the Meridian, and pacing tb« l,o,*r 
Index to the given Time ; then by revolt in;; ib«; ',,«, ,■• 
«" it points to XII at Noon, I view all th*- Part-, o< - 
Earth where the middle Moment of the I r^iif.' »/ , v 
vifible, which will be in all Europe, Afn % »!,<• p;r,.. '* 
flwi of Africa, giut fcarccly in ar-y )'-•■• 'A /W / 
nnlds James's Ifle and Greenland I*: r<*. *•,:."! /<,* .». 
Jt is farther evident, that all th«>>; I';*."* *'m* *•- lf| ■ 
weftern Horizon. 1//2. the w*ftein |v-t *A //*$<<,, %+ 
the Sun-rifing with Venus lull W»y *'•,«:.'*'. ,-, /.•. p, 

over hi*D fk: But in the e«.''.tf% Hv //. .. •• .... , - ■, 

Land, and conf^quentiy r.'.r«^ :> '>-.>"!': 
Phenomenon at Sun-frt, !,-: f.-.:. -m«-. .'* . ^ 
Ocean there. 

Vol. II. 7. 
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Clean. All this is fo far very well, my Eupbrojptt) 
out there is one Thing farther to be obferved, while the 
Globe remains in this Po fit ion, and that is, you are 10 
lake particular Notice of thofe Places which lie under the 
Meridian at the fame lime, and confequently fee the 
Middle of the TranGt at XII o'Clock, and amongft then, 
to obferve that Place more efpecially to whom the San ii 
then vertical, 

Eupbrof. The Places which Ire nnder the Meridian arc 
all the midland Parts of Afia from Nova Zembla to the 
Eajl Indies, and thofe wbofe Latitude is equal to the Smft 
Declination, viz. 22° 30% muft have the Sun vertically 
over their Heads, which I fee is a Place I have heard 
much talked of, the eaflem Parts of the Kingdom of Be* 
ga/y near the Mouth of the River Ganges. 

Clecn. This Particular you will bear m Mind for a few 
Minutes.—— You will, in the laft Place, ihew all tbofe 
Places of the Earth where the Tranfit ends at Senvrifing, 
at XII o'Clock, and at Son-fet. 

Eupbrof. The End of the TranGt, if I remember right, 

Iou toTd me was half an Hour after IX, therefore! 
ring London to the Meridian, and place the Index to the 
given Time, then turning the Globe about till the Indrt 
points to XII, and calling my Eye on the weftern Hori- 
2on, I obferve, that a few inhabitants of North Amend 
and the e.iltern Part of the Brazils in South America vft 
view the Sun rifing, with the Planet juft making its Exit 
from its Qifk ■ In the ealtern Parts of the Horizon 
there is very little Land except New Guinea, New Hd* 
hnd % and the Iflands called the Lqdrones on the Eaft of 
Afm^ to view the End of the Tranfrt at Sun fet. An& 
thofe Perfons who He under the Meridian, as all the mid- 
land Parts of Mufcovy in Afia y of Syria, the Red Sea, a»* 
eaflern Coaft of Africa^ view the End of the Tranfit ^ 
Noon : And amongft them, thofe at JtdJa, ontheeafte ^* 
Coaft of the Red Sea 9 have the Sun then vertical ^ 
them. 

Clean. Indeed, my Euphrofyne, you have excellen^^ 
well executed what relates to the Geographical Part 
this Tranfit, as far as we have hitherto considered it. 
remains now, that we make the proper Ufeofitindr 
covering the different Times of the Continuance, or D^ 

ratk^^ 
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nfrooof the Tranfir, a.* :: tsay he obiVxti :—~ z. r r-r- 
Pjrrs of the Earr/s 5 u ::«-:-* — bvi :r tmt - 
fr/7/ be neceiury you ihclr >e zz*t~l'.zi :- rjr«t 7": :;. 
and that is, that when *re :<r:-:i:ri::: :: - 1j • ■-.. 
tie Celerity, or Q^ickr.e:* :: it; M:-;~ * ... :* : f-.- 
ttm, accord ii:£ :o -.be Ci-c-r: itLi :r; : - :~- : v-t rrx-- - 
in regard to Rctl or >.5-_c:rr : K-. 1/ ?: -_- 

feivesareat Re£. we fee ire 3=-rr ~.;,t* v :: - -_-_- -* 
'ea! Celerity of MotL: r. i . ; fc J: .: we : ^-.'-. * -r- t~_ :_ 
and the fame Way wizh the Or;e£Lu i:i V.ioic... 2- _-- 
ferity will appear to cs *3 be <e:s, ^- f:rr ::ir : t=s. . 
is. (3} If we mare 6: i:z:n*T W*r -_: -_:.- V:-— . 
*t will appear to ojOt: c:-:h c-::"ct:- f s- win * £-=v.:r 
Celerity of Motion tbir* :: *&J.. ran. 

Eufbrgf. This lafi Orfr-Ta^oc I r*r^:9r* '- ti-r 
often feen rcr:Se-l in a t:sge-Csai: . :V a» . :•' * -rrt 
going to, or coining frcm !«:, ::r C--*:..vrs v:«-: v? 
have met en the Road hire s!rir$ hpystr-rz ~z ^'* :»• i>. 
with a Motion much fwih-r :riz vt frt vr ;.f.-~: 

they really had As :c re £rf: Vast— st.-:-- ~ .- 

evident to common Se:-:c ; ;.~ tit *?:r:'v: -s-v n 

fome Attention, tfecugh nr: a g-r..:^^.-, v-r^. ve- 
nder that oftentimes going zz-iz. :ie - w.?. -i i 2/*/ir 
haveobferved the Boa:> that we s^e-r: i.w&*i vyi*atr h :.':.• 
the Coaches, to pafs by u? w::i: * Mid- r uvt z'i*.-r 
than onr own; but ib^iz vhlzz »e : ie~.il* *yv?~ ^ 
towne as much flower, 

CVaii. I imagine you ttu-H tzi'.r rvL'.\. t £ m . :*vv •---. 
monly thofe Portions are t*::£~s :* L*:*r**r , -r .-- : 
you will, at the fame Time, Ciit f-_i :rn. .": '--•■:.•• 
that the fwifter any Mwiir. :;, :ie .rJ* '." .--1? v.* .- 
Ijfcnt in palling over any gltt- ips.:*, «-.i -i.t I:»vr . •• 
Motion, a lenger Time *z:.\ z*e -*c ..-*;?. 

Eufhrcf This alio :* !>s p.V-:" ::. «.:r : '/ «.-. ' ?:-*. 
tation ; bu: what is a. I this :c :?:* Tn-. I- t- ^*^: ' 

Cf:#:« Thefe Things r:^*T cc.^rt- , s*^ >. r.- - 
to our Purpofe, that they Cw:.:i.i -•» t:;.: Air jf; ? - 
Ait great Fhzncmsno^. 
For (1.) If an Eye be -•*-»- --• •-* ' *- •*• - - -- 



kr"^ r.n ••x C"- — '- -* 



or anv wr»c:e en ::s 



Earth, ( 

Acn it is plain, it i: views tr,e P :-.r. 

Dilk cf the Sur., it vM fee 2: .-..• * 
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real Velocity of Motion, fo as to t ran fit the Diflc in tbont 

feven Hours and Twenty Minutes : But (2.) If the 

fcye be placed on the Surface of the Earth, conGdered is 
Amotion, then it is plain, that while the Globe mores oo 
its Axes, thofe Parts or its Surface which pafs under the 
fouthcrn Part of the Meridian moves in a contrary Diredioo 
to thofe which pafs under the northem Part, with refped 
to any particular Point, or moving Body at a Diftancein 
the Heavens : Thus in the Time of the TranGt, jou 
fee on the terreltrial Globe, that all the Part of Jrelm 
and the Indies move under the fouth Meridian from Weft. 
to Eaft, and thofe in North America at the fame Tim« 
move (with refpedl to Venus upon the Sun) in a contrary 
Direction, viz from Eaft to Weft, under the norther^ 
Part of the Meridian. And therefore (3.) it 3 

plain, that fince the Motion of Venus is from Eaft • 
"Well upon the Sun, the Inhabitants of the Indies, «rb 
move in a contrary Direction, will view the Plan* 
moving with a fwifter Motion over the Sun than it ral3 
has ; (o that the Time of the Tranfit to them will 1= 
ihorter than before, viz. it will continue zboutfevtn //»ar - 
nine Minutes : — But as the Inhabitants of North Amtric* 
about Hudfon's Bay^ move the fame Way with the Plara^ 
flic will appear to them to move flower, and therefore «ri 
be a longer Time in pafling over the Diflc, t/j'z abo« 
f event ten H'jurs twenty -fix Minutes. 

Eupbrof. Well, one would not imagine that the Nat U* 
and I heory of fuch important Do&rines depend on fuc: 
trivial Obfervations as you mentioned ; but 1 am thorough 
ly fatisfied now of their Neceffity and Utility. tf» 

why does Dr. Halley delegate us to thofe diftant Region 
for viewing this Phenomenon ; cannot the Philofoph^ 1 
do it as well at home as abroad ? Thofe Climates are v^ r 
different in their Nature, and may neither of them. ^ 
agreeable to Englijh Conftitutions, befides the Dang^ J 
Difficulty, and Expence attending long Voyages. 

Cleon. There are Reafons enough for his doing tH* 
my Eupb'ofync ; the (1 ft) is, that fuch Places ought 




more turn the Globe about, to view thofe Places whe^' 
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the Beginning is vifible, and you will fee the north er r- 
moft Parts of Scotland* the Orkney Mies, and even Shit. and 
itlclf, all below the Horizon at that Time ? 

£tpbr$f 1 fee they are ; but how then am I to under- 
hand the Do&or, when he fays, Perhaps the Ingrels may 
be fen at Sun-rifing by that very People who I now fee 
are below the Horizon at that Time ? 

Clt$*. I confefs, I know not how to anfwer your 
Query, unlefs the Do&or fuppofes the Refraction of the 
Atmofphere is fufficient to elevate the Sun to their View, 
before it be really rifen. 

£*pbr$f. The Reafon which you have given is very 
fufficient for going to fome one Place to obferve the 
* ranGt; but why is any one Place, for in fiance, Bengal, 
Jftore eligible than another ? 

Cletn. The Doftor does not recommend Bengal, as 

niore proper for the Obfcrvation than any other Piace in 

the Eafi Indies, but he mentions that in particular, as 

being an Englijb Factory, and that particular Part of the 

Earth's Surface over which the Sun will be vertical at the 

T*ime of the Middle of the Tranfit : He reprefents it as an 

indifferent Matter, whether the Observation be made at 

£*ngdl 9 or Fort St. George, commonly called Madras , 

or at BencooUn, on the weftern Coaft of the Ifland of Su- 

**atra y near the Equator: He alfo recommends Pondi- 

*b*rry 9 on the weflern Coaft of the Gulpb of Ganga, to the 

French i and Batovia y the famous Emporium in the Ifland 

7«tw, to the Dutchy as being very proper P.aces for ob- 

fcrving the Tranfit, by the People redding there ; and 

there is very good Reafon for making as many Obfer- 

vations as pofiible, in the feveral Parts of the lndiet, and 

** near the Equator as may be ; becatife they will be there 

father from the Earth's Axis, and obferve the Tranfit to 

the greateft Advantage that can be, on that account 

Buphrof. If thofe Parts are fo advantageous, which are 
near the Equator, why then arc not both the Obfer va- 
rious to be made there, and fo make one Trouble fervc for 
all? 

Cleon. You will eafily fee the Reafon why that cannot 

be, by calling your Eye on the Globe? for if you now 

rectify it as you did before, for the Beginning of th<: 

Tranfit, you will find that the nofturnaJ Obfcrvatio:., 

L 3 «,i 
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or thai which is to be made at Sun-fet, impoflible in jflf 
!efs Latitudes than 23° North, and there only in the 
fouthern Parts of California, there being nothing bat 
the great South Sea in all the Equator that can fee the 
Setting*fun : Be fide 5, fuppofe there was ever fo fair an 
Opportunity of viewing the Tranfit at Sun-fet, it wo«M 
aniurr no Purpofe, btcaufe it muft neceflarily be <W 
before Sun-rifing, the Length of the Night in all thofe 
Part), being much greater than the longed Duration of the 
Tranfit. 

Efphrof. You hare thoroughly convinced and fatisfied 
rne in that Particular ; I plainly fee the Latitude for tbe 
fecond Obfervation muft be fuch, where the Length of 
the Night is fhorter than t^e Duration of the TianGti 
and as the Globe is now rectified, 1 can plainly fee that 
among all the Places in North America^ in, the caftem 
Part of the Horizon, the firfl that offers itfclf for viewing 
the Tranfit at Sun-fet is that whicn you mentioncdt 
juft now, viz. Port Nelfon, at the Entrance of Tort River» 
all other Parts, or Places, being inacceffible to us ; atA 
indeed, that is the fir ft Place that will circulate bcfc>* 
the Horizon, and rife again above it on the weftcrn S»<k 
before the Tranfit ends, and confequently will he l^ 
}eail Latitude in which we can obferve tbe Duration ^ 
the Tranfit, including both the Beginning and the E*»* 
At the fame Time, I underftand now more plainly th» a 
before, why no other Places even in thofe northern L^-* 
tudes will anfwer for this Purppfe, becaufe they ^ : 
jiecefiarily be below the Horizon, either at the Bcginni* 
or End of it. 

CUon. That is very well obferved, my Euphr*fynt\ £ 
in the Ifland of Great Britain we lofe the Beginning 
it, and to obferve the Time when it ends isnot fufficier^ 1 
and it happens very well for us, that Hud fan's Bay ptT* 
yides us. with this Port for the Purpofe \ for we flioi^ 
Jiave found it attended with rnuch greater Difficulty, 
jiave had Recourfe to Places in the frigid Zone : For th* 
there are Places enough in Lapland^ the northern Parts 

Rnfjia, Nsva Zembla % tceland* &e. whete the Sun Vm" 
not at that Time cjifappear, yet being near the Eart' 
A\U y the Difference between the Times of the Trar^ 

%vill not be fo grcaf, for an Eye placed any where in c 

' f '" • • • A^ 
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Axis of the Earth will fee the Tranfit of equal Duration ; 
and therefore, to an Eye placed at the Center, or upon 
the Surface at either Pole* the Appearance will be the 
fame in regard to Time, and this will lead us from the 
Globe to the Diagram, which 1 have provided for a 
farther Explanation of the Particulars of this Phaenomc-. 
Hon* as they are to be aftronomically confidered. 

Euphrof. I cannot but think my felf greatly obliged to 
you for your Care, in contriving every Way to facilitate 

the Knowlege of this uncommon Affair, As to the 

Diagram, I can readily perceive at firft View the Defign 
of a great Part of it : Thus I obferve, A. B y C % reprcfents 
one half of the Sun, the Center of which is C 9 and the 

Diameter A £. 1 imagine alfo, that the two black 

Circles on each Side of the Sun at Y and Z, reprefent the 
Planet juft within the Sun's Difk in thofe Places; and 
farther, that Y D Z is the Path, or Track of Venus over the 

DUkx Alfo, that G, H, is a Part of the Orbit of 

Venus* and that Planet in two Positions at P and X.— — 
And, laftly, 1 fuppofe that the Circles AFEG, and 
others within it, may reprefent the Earth. Am I fo far 
right, CUonicus? 

CUo*> You are, my Eupkrofyne \ the great Circle you 
mention is the Equator, the next Circle 8 I D H is the 
Parallel of 22° 30' Latitude, anfwering to the Bay of 
Bengal^ the inmoft, or lefler Circle cdef is the Parallel* 
°f56°» anfwering to Port Nelfon in Hudfon's Bay ; and 
C is the Center of the Earth, or Pole of the Equator, 
which you pleafe. 

Eufbrgf. But what is the Ufe of all thofe Lines drawn 
from the Earth to the dark Planet on the Sun ? 

Cli9n. Thefe I (hall point out to you in Order ; and 
firft, fuppofe an Eye was placed in the Center of the 
-Earth in C, to view the Planet as it paffes along in its 
Orbit from P towards X. it is evident, when the Planet 
arrives to the Point S, it would be feen juft within the Sun 
hfj the Ray of Light CSYj and wheu it has advanced 
to the Point V, it will then be feen to touch the Edge of 
the Sun on the other Side, by the Ray C V Z , fo that 
Xvhile the Planet defcribes that Part ef its Orbit between 
S and V, it will appear, to an Eye at C, to pafs over the 
TlUk of the Sun from Y to Z. 

L 4 
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Euphrof. So far I apprehend you extremely well 5— — 
but, pray, what Time pafles between the Beginning at 
Y, and the End of the Tranfit at Z, as viewed from the 
Earth's Center at C ? 

Ceon. You have been long, before now, inftru£ted in 
the Meafures of Aftronomy ; you know the Di- 
ameter of the bun is, at a Mean, a little more than half 
a Degree ; but at the Time of the Tranfit, it will be very 
nearly 32' of a Degree: And therefore, fuppofing that 
the Diameter A E be divided into thirty- two equal Parts, 
the Planet will appear to prJ's over four of them in an 
Hour, 1. e. her horary Motion is after the Rate of four 
Minutes an Hour; and therefore, in parting from Y to 
Z, the Time fpent will be equal to ahout feven Hours and 
twenty Minutes; fuch will be the Time of the Tranfit, 
to an Eye at the Center C. In this Time a Spectator at 
the Equator will, by the diurnal Motion of the Earth, 
be carried through 1 io Q of Longitude, equal to the Arch 
KFL, 

Euphrof, Very good, Clennwa % I underftand you ; 
but now let me view the Tranfit from Bengal^ in your Di- 
agram. 

CUon % That you fhall do ; and for this Purpofe you 
muft fuppofe your Eye to be placed in the Point of the 
parallel proper to that Place, to view the Beginning of 
the Tranfit at Y ; which ot Courfe will be on the weftern 
Side of the Globe, becaufe in half the Time of the 
Tranfit you will be carried from b to I, where you will 
view the Planet in the middle of its Paflage over the Sun 
at T> nearly. From I you will be then revolved to (a) 
on the eaitern Side of the Globe, to view the Egrefs of 
the Planet at Zj from whence it is evident, that the 
Beginning or Ingrefs will appear to you in the Line 
JTY, and the hgrefs in the Line * UZ; therefore 
the Planet mult be in its Orbit at T in the firfl. Cafe, and 
at U in the latter ; and, that its Paflage from T to U 
as it is fhortcr than that from S tQ V, fo it will be per- 
formed in Lis Time, and therefore you will at Bengal 
obferve the Tranfit of a lefs Continuance, than if your 
JL ye was placed at the Center C. 

Enphrcf. 1 think, I pretty clearly underftand you ; for 
\ fee the Motion from b towards a is in a contrary Direc- 
tion 



AND LADY'S PHILOSOPHY. 153 

ton to that of the Planet from T to Z, and therefore 
mnftciufe her apparent Motion to be quicker, in the 
Ninoer you have now explained. 

Clwt. As you cannot under ft and thefe Things too 
*t!l, I (hall exemplify it otherwife by the parallatic 
Angle, in a Cafe fimilar to that of the Candle on the 

Table, which I before mentioned to you : Thus f 

foppofe a Plane was placed beyond the Planet's Orbit in 
Ac Line rj, then when the Planet is at S, it will be 
fan on that Plane at v by an Eye at C ; but to an Eye 
placed at 4, the Planet would appear on the faid Plane at 
<» by the Ray bS t : So that the Planet in the fame Point 
Swill be feen in two different Parts of that Plane, by the 
% in thefe two different Pofitions , all which is occa- 
sioned, you fee, by the Diftance of the two Points C and 
*» and the Angle C S b, or t S v, is what the Aftrono- 
"Kis call the parallatic Angle, or that Angle which 
£akes the apparent Difference of the Planets Place :— 
**Om whence it is evident, that the lefs the Diftance C b 
Jkojii the Earth's Axis is, the lefs will be the parallatic 
*v n gk, and confequcntly in the Pole, where it vaniftics, 
J*U"e will be no Parallax at all, as I obferved to you 

-. J£upbr$f. I partly fee the Reafon of all that you now 

i*?; and farther, if the Planet rs be taken away at the 

**n c Ti mc that the Planet appears upon the Sun at Y* 

*? *n Eye at C, it will appear at a Diftance from the 

A Un eaftward at «/, to an Eye at £, by the Ray b S w ;— 

Xv ,c * hilly, that as we go nearer to the Equator, the 

^ 'ftance C* will be greater, and therefore will occafion 

iJ re «er Difference in the Place of the Planet, and Time 

^ * ta Tranfit, and confequently will fo much the better 

^ ^ Cr y our Purpofe.— But now for the Appearance 

*J>rt Neifott, Cleonicus. 

f ^^017. As your Motion is now to be confidered in the 

j^ e Dire&ion with the Planet, you mufl conceive your 

j ^ c to be placed on the eaftcrn bide of the Globe at c 

w ^. c Diagram, to view the Ingrefs of the Planet at Y, 

*? ,c h, it is evident, will appear by the Ray *R Y. 

r»^ Cr this the Eye will be carried, by the Motion of the 

teK* C ' ky lne n °rthern Part of the Meridian round to d % 

*«*tc it will view the End of the TranBt at Z, by the 

Ray 
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Ray </WZ, and confequently the Time of the TranGt 
at this Place will be all that is fpent while the Planet 
ilefcribes the Arch R W (greater than SV,) which will 
be about feven Hours and twenty feven Minutes nearly, 
and is therefore longer than the Time of the Tranfit at 
Bengal^ all which is occafioned by the Diftance of the 
Points b and c from the Earth's Axis, and the contrary 
Directions in which they are moved. 

Eupkrof. I fee nothing difficult to underftand in all 
this ; but how is this Difference in Times of the Tranfit 
applied, to finding the Parallax and Diftance of the San ? 

Clean, Very eafily, by a Procefs in Trigonometry, as 
it requires nothing more than common Skill in the Doc* 
trine of plain Triangles : But as you have not yet learned 
any Part of the Mathematics, I (hall not pretend to 
trouble you with that Affair now *, you will find it not 
difficult to underftand hereafter. 

Euphrof. I fhall gladly take another Opportunity of 
talking with you farther on this Subject ; for though I 
have the Satisfaction to underftand the general RatUnaU 
of this important Subject, from what you have now laid, 
I am fatisfied it requires ftill farther Reflection, and fome 
mathematical Inftrudtion, to underftand it fo compleatly 
as I could wifh ; for the acquiring of which, I fhall be 
ready to devote any future Part of my Leifure. 

Clem. Thefe Things, it is true, are much of a ma* 
thematical Nature, and therefore we fhall at prefent pro- 
ceed no farther in the defcriptive Part. But one Thing 

remains for you to know, and that is, a Method of fhew- 
ing this Phxnomenon in a moft eafy and delightful Man* 
ner, by Means of a new Apparatus adapted to the re* 
fledting Telcfcope : And this fhall be the Subject of our 
£onverfe at the next Interval. 
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DIALOGUE XVI. 

The Description of a New Solar Apparatus, 
adapted to the refle&ing Telbscope, for /hewing 
the Transit oy Venus over the Sun-j pis*, 
without farfyqi$g the Room. 

Euphrofyne. 

I HAVE ever fince been mindful pf your Promife, to 
entertain me with the Manner of exhibiting this cu- 
rious an4 rare Phenomenon, by a new Apparatus ap- 
plied to the receding Telefcope. I hope this Morning 
will favour the Defign, as the Heavens are clear and 
fcrene, and the Sun (nines forth ^rith its ufual Splendour 
and Glory. 

CUon. We could npt have wiflied for a finer Day than 
this is like to prove. — The Telefcope I have chofe for this 
Purpofc is of the reflecting Sort, as it is moil convenient 
to ufc for this Purpofe, by Means of its Foot or Stand* 
the Conftrt&ion of which is alfo different from the com- 
mon Sort, and is thereby rendered more convenient fof 
the Application and Ufe of this new Apparatus. 

Eupbrof I am not much acquainted with tbe Structure 
of thofe Inftrumcnts ; but I plainly fee a Difference be- 
tween this and that which (lands in my Father's fetudy, 
which I have often ufed to view diftant Objects, and iq 
which you have (hewn pie, before now, the Spots on the 
Sun's Face. 

- CUon. That is a very good reflc£Hng Telefcope of the 
common Form ; but this Telefcope, which I (hall now 
make ufe of, is much preferable for all the common Pur- 
pofes of a Telefcope in general, and it has many peculiar 
Advantages sibove the other, and of whjch they are not 
capable, as you will hereafter be fully fenfible of, wheq 
yre come to treat of the Nature and Ufe of this Inftrumcnt 
more directly, 

Eupbrof. I obferye tbi? Telefcope confifls of two brafi$ 
Tubes, and that the interior one is made to move back- 
jrarf! and forward, by Means of a fmall Piece of Ract T 

vp4 



i 5 & THE YOUNG GENTLEMAN 

work on the Side of the outer one : This, I prefume, 
anfwers the fame Purpofc as the long Wire on the Side of 
the common relieving Telefcope. which we turn one 
Way or the other, for adjufting the Inftrumcnt to a proper 
Focus in viewing Objc£ts. 

Cleo*. That is the Defign of it in general ; but this 
Conftru&ion, as I faid before, is much better adapted to 
our prefent Purpofc, on other Accounts, than a Reflector 
of the common Form, though that will do very well. 

Eupbrof. But what, and where is the new Apparatus 
you fpeak of? 

Clean. I have not yet applied it to the Telefcope, as I 
intend to fhew you the feveral Parts of it in the firft 

Place : It is of a very fimple Form, as it confifts but 

of a few Parts, which I (hall now proceed to defcribe. — 
(j). I take off the common Eye-piece of the Telefcope, 
and fcrew on another in its Room, of a fhorter or lefler 
&ize. (2). I have adapted the common Candle Screen, 
made of black Silk, and which, in the ufual Manner, 
expands itfelf into a circular Form, to the End of the 
Telefcope, where you obferve it is eafily fattened on. 
(3). This fquare Piece of Brafs, which is about fix 
Inches and a half long, is fere wed on to a Piece fixed 
upon the under Part of the Telefcope. (4). Into the 
lower Part of this, another long fquare Piece of Brafs is 
firmly fixed by Means of a fquare Shoulder, Nut, and 
Screw ; upon this is a Scale of Inches to the Number of 
thirteen. (5). Upon this long Arm is a moveable Socket 
of Brafs, with a Screw to fix it to any Part, on the Top 
of which is a tranfverfc Piece, into which are fixed two 
upright Wires of a proper Length. (6). Upon thefc 
Wires is applied a Screen of white Paper, of a circular 
Form, on which is drawn a black Circle of twelve Inches 
Diameter, divided into 360 Degrees, with two Diameters, 
one Vertical, and the other Horizontal. The firft of 
thefe is divided into 1900 equal Parts, and numbered each 
Way from the Center 100, 200, 300, fcfc.* 

* We apprehend the feveral Parts of this Apparatus are fo 
plainly represented in the Print, as tQ need no Dcfcription 
by Letters of Reference. 
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Eupbrof. You will pleafe to put them together, and 
then I (hall have a more complete Idea of the Nature and 
Dcfign of the Whole. 

CUm. This I (hall inftantly do: — Firft, I apply the 
Screen to the End of the Telefcope ; — then I fcrew on 

the perpendicular Piece of Brafs ; into this I fix the 

horizontal Piece, — then 1 apply the Socket to No. 12, 
and there fcrew it faft ; after this, I apply this cir- 
cular Screen to the upright Wires: — And then, laftly, 
I fcrew into the End^of the Telefcope the Brafs Piece, 

.containing the Magnifiers and thus the Whole is 

fitted for Ufe. 

Eupbrtf. I fee the Dcfign of it is to form the Diflc, or 
Face of the Sun, upon that circular Paper Screen ; — but 
is not the Room to be darkened for this Purpofe ? 

Clem. No ; the black Screen fupercedes the Neceffity 
of that troublefome and inconvenient Circum fiance : 
You will by Means of this Apparatus, in the moft 
ligbtfome Room, ha?e the Pleafure of viewing the Face 
of the Sun, and every Thing that may appear in or 
upon it, with as much Pleafure, and almoft as perfectly 
as in the Camera Obfcura itfelf. 

Eupbrof. If this be the Cafe, it muft render the Oppor- 
tunity of viewing the Tranfit of Venus extremely eafy and 
agreeable, in every Place where they {hall be favoured with 
a Sun-Qiiny Morning, like this. 

Clton. And that this is the Cafe really I (hall foon 
convince you by an Experiment or two with this Appa- 
ratus, and that in a different Way or Manner from any 
Thing that has hitherto been (hewn of the like Kind : 
For all Objects that have been ufually magnified in the 
folar Microfcope, are reprefented in a Beam of the Sun's 
Light, very much dilated upon the Side of a Room or 
Screen ; but here you will fee Objects reprefented on 
the real Face, or the Diflc of the Sun itfelf; fo that 
by this Means we might properly make the bright mag- 
nified folar Di(h the real Screen for (hewing Objects 
upon ; by which Means they will become vaflly more 
vivid and diftinft in ail their Parts, and will make a much 
richer Appearance. ^ - In order to fatisfy you of what 
J now fay, I (hall, in the fir ft Place, (hew you the Face 
of the Sun upon the Screen, in various Degrees of Mag- 
nitude, 
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situde, according to the Difiance of the Screen from 
the magnifying Glaft, and you will always know the 
Diameter of the magnified Image of the Sun by the 
Number of Inches to which the Screen is placed on the 
Scale.. 

Euphref. That is, I fuppofe, if the Screes be placed 
at N" 2, then will the Sun's Image be two Inches rat 
Diameter ; if at N° 6, it will be fix Inches in Diameter ; 
and rf the Screen be placed at N Q 12, their will the Sdbr 
Diflc be 12 Inches, or juft fill the graduated Circle. 

Ckm. I perceive you have a very clear Notion of thb 
Matter, and therefore (hall preface no more Concerning 
•it, but (hall proceed, in the firft Place, to (hew yon the 
fotar Diflt, with the Spots upon it, if any ; and accord- 
ingly. ——Firft, I fix the Screen *N d i, and theH 

dtre&iftg the Tclefcope to the Sun, 1 turn the Pinion oil 
the Side of the Telefcope till 1 make the Sun's Face appear 
tery diftind, and well defined on the Surface of the Screen; 
where it appears fmall indeed, as being itdw ^utOM loch 
fa Diameter. 

Eupbrof. Well, it is tery curiotis to fee the little Son 
fo very diftinfi : I really can fee two or three ftnatl 

Spots upon it* Surface. 

Clem* Tflbfe Spots are not fmall, but large, as yoti 
will fee when I move the Screen backward to N° 4 :— 
For now turning the Pinion, the Sun's Image appears very 
diftincl* and juft four Inches in Diameter, and the Spots 
appear now in Proportion larger and plainer.— ■ I 
remove the Screen to No 8, there the Sun's Face i£ 
enlarged to eight Inches in Diameter.— -LaftJy, \ 
place it at N° i? t and by adjufting the Telefcope, yotf 
there fee the noble Appearance which the Diflc of the 
Sun makes on the Screen, and juft fills the graduated 
Circle dtawn upon it. 

Euphrvf. A glorious Sight indeed, and the Spots now 
appear to great Advantage —This Method of viewing 
them is greatly preferable to that of poring through the 
Telefcope itfclf at the Sun. 

CUon. As the Sun's Face and Spots are fo eafily and fo 
dittin&ly obferved, you will readily understand that the 
Planet Venus^ in tranfiting the Sun's Diflc, will be as di~ 
ftincily reprefentcd and viewed. 
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Eupbrof I can eaGly apprehend {he will ; for when the 
Di(k of the Sun itfelf is perfe&ly formed, the Planet Venu$ 9 
as well as the folar Macule, muft alfo be delineated in 
the fame Degree of Perfe&ion, by that exquifite Inftru- 
ment. 

Cleon. It will not be difagreeable to you, if I illuftrate 
this by an artificial Reprefentation of this famous Tran- 
fit ; ■ For which Purpofe you mud provide me with 
four of the fmalleft black Patches you can get. 

Eupbrof. Thefe I have at Hand, and will this In flan t 

go for them : Thefe are the fmalleft I have ; will they 

anfwer the Purpofe ? 

Cleon. They will do vet y well ; 1 have here an 

Ivory Slider, with a round Piece of Talk, on which I 
have drawn two Diameters, and likewife the Path of 
Venus, at each End of which I ftick a Patch, and place 
the other two in the faid Path, fo that they may reprefcnt 
four Pofitions of that Planet on the Diflc of the Sun, 
formed upon the Screen as before.— —I put the Slider 
in its Groove, and then, by turning the Screw, you fee 
thole Patches gradually come to a perfeft Form on the 

Face of the Sun :— - They appear very black, round, 

and nearly in Proportion, as Venus herfelf • will be fccn in 
Comparifon of the Sun. '" '■■*- 

Eupbrof. This is very natural indeed, as well as arti- 
ficial. 1 fee Venus now at her Ingrefs and Egreis, 

in the fame Manner as fhe is delineated on the Print of 
the Tranfit at large ; and fince this artificial Reprefenta- 
tion is fo perfect, it will in a great Meafure fupply the 
Deficiency of the natural Tranfit, if the Weather fhould 
prevent our Enjoyment of that moft defirable Sight. 

CUon. A Sight, that mortal Eyes never more than once 
beheld f The famous Jeremiah Horrox, who lived at 
jFIio/e in Lancajbire, by his great Skill in Aftronomy, 
forefaw and pred idled the Tranfit of Venus over the Sun, 
November 24, in 1639. He gave notice of this to bis 
Friend Mr. CrabUee, who attended him at the Time, and 
they both together in a darkened Room, where the Sun's 
Image was formed at large on a Screen, faw Venus juft at 
nineteen Minutes after three o'Clock in the Afternoon 
enter the Difk j but the Sun fetting before the Tranfit 
was compteated, prevented their having an entire View 

of 
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of it, fo that this next Tr an fit will be the firft that will 
afford a View of the Phenomenon compleac. 

Euphrof I fhould aim oft envy thoie Gentlemen the 
partial View they had, were not ours likely to be more 
compleat ; for an entire View even at this next Tranfit, 
will be impoffible* 1 find, to the Inhabitants of Great 
Britain But fince the periodical Time of Fcmti's 

Revolution about the Sun is fo fhort, I think it is a 
Wonder that we do not often er obferve her to tranfit the 
Sun's Difk. 

CUon. If you were very attentively to ccnfider the Laws 
of the planetary Motions, the Wonder would foon ceafc. 
But 1 mufl refer an Explanation of this Matter to a futare 
Opportunity.— I have informed you of every Thing I 
think neceflary, relating to this Subject, for the prefcnt : 
The farther Ufe of this Apparatus, for magnifying Objefts 
in the Nature of a folar Microfcope, I (hall explain to yon 
at another Seafon, which will be very fliortly : As our next 
Subjects of philofophical Converfation will be thofe of the 
Dcfcription, and praclical Ufes of the feveral Kinds of 
Microfcopes, Telefcopcs and other optical Iuftriimenta, 
which, I doubt not, will afford you as great Pleafure and 
Improvements as ihcy have done to myfelf for many Years 
puft. 
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1HAVE fpcnt all the Time I could conveniently 
fpare, in looking over thofe Tra&s which you re* 
commended to my Pcrufel, preparatory to my un- 
derftanding the Conftru&ion and Ufe of Optical In- 
ftruments. The Nature and Ufe of Optical Glaffes are 
fo familiarly defcribed and explained by Figures, that I 
was at no Lofs in verifying their feveral Properties by 
Experiments) which I made with the feveral Lenfes and 
Mirrors you lent me for that Purpofe.- ■ I can now 

take any (ingle Lens or Speculum, and therewith form 
the Image of any given Object at Pleafure.— — — I ob- 
ferve their various Magnitudes, in Proportion to the focal 

Distances of the Glaffes ; 1 fee the inverted Pofi- 

tion of each on the Paper ; and if I fix the Glafs, 

I make all thofe Images greater or lefs, by removing the 

Object nearer to, or farther from it.— I obferve, with 

Vol. II. M great 
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great Pleafure, what I think we may properly call C 
very Life or Soul of the Pi&urc j I mean the natur^ 
Motions and Colours of every Part, the firft of which r^ <► 
Paintings can pretend to, and the latter they but bint/ 7 

imitate. 1 delight myfelf fo much with thefe prri* 

ibfophtcal Entertainments, that I wonder very much ho**' 
fo many of my Se* cap be fo eafy and fatisfied, without 
fliaring with me in the Felicity which thofe Sentiment* 
afford, arifmg from fuch an experimental Speculation of 
the Sciences. 

Cleon. It is principally for want of fuch Speculations 
being experimental^ that fo many People appear indifferent 
about them. Matters of mere Theory are generally dry 
and jejune to any but thoie who have a particular Tafte 
% the Subject ; but the Science of Optic* is converfani 
about fuch Subjcfts as nre founded, not only in the moft 
perfett Geometry of Nature, but arc capable of being 
illuftrated, and rendered in the higheft Degree enter- 
taining and ufefuU by the mo(i eafy and obvious Expert" 
ments.— — This Science extends the Ufe of the Eye to- 
an amazing Degree ; — though this qxce.lle.nt Organ is by 
Nature con it rutted to produce the moil ufeful benfation, 
yet it is in a limited Degree •,' It is left to human Skill' 
to perfeel it in almolt as much higher Degree as we 

pleafe. Whatever is ncceflary. Nature has fupplied 

us wirh, in regard to Vision, with refpeft to the com- 

nion Conveniencies of Lite : But if we would loot 

tar before us, and take a Piofpeft of the remote Scenes 
ii Nature, and view her numberlefs Curiofities in her 
ferret Rcccflc?, we mult make Ufe of the artificial Mean* 
ot Virion, I mean Optical Glajjci and lnjlrumenu : 
And I don't know any Thing, in the whole Courfe of my 
Obfervaiions, that appears to me of fo extraordinary a 
Nature as the great Eftimation or Value we fet upon 
common Sight, and at the fame Time fo little regard the 
Improvements of it. 

Euphtcf. 1 fancy it muft.be in this Cafe, as in many 
others, what we don't perceive the Ufe, Pleafure, or Nc- 
cellity of, we are not fenfinle, and therefore do not regard 
the Want of it ; and a great many People appear to. be 
naturally dcfHtute of any Tafte for the Refinements and 

Pleafure* 
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Pleafures arifing from the Study or Extend oq of the 
Sciences, either Optical, or any other Kind. 

CIton. Your Oblervation is juft; to which I may farther 
add, that it is neceflary it fhould be fo, and that we ought 
not to look on thofe Things as any Faults or Deficiencies 
in Mankind : Thofe who want a Genius are not to be 
Named on that Account, nor are we to wonder when 
we find tbem fo frequently expatiating on the Pleafures 
arifing from the Senfations of the Gujhtory Ntrves> and" 

lb little fenfible of thofe of the Optical ones. But to 

the Point : I have Here brought you feveral Microscopes, 
of different Forms and Conftrudions, on Purpofe to ac- 
quaint you with the different Ways and Means that have 
been invented anJ contrived for their Application, in 
viewing Minute Objtfls. Thefe the Opticians ufually calf 
Single micro/copes, and are to be held in the Hand. 

Evpbrof. They feem to be curious lnftruments, and 
neatly difpofed in their Cafes, with a Number of little 
Trinkets about them, all of elegant Workmanfhip.-— 
I fee they are of different Forms and Make, and I prefume 
all anfwer one and the fame End, viz. to magnify any /malt 

Objeti : But one Query I mud beg you to fatisfy before 

we proceed farther, and that is, how it is in the Power of 
a Glafs to make an Objeft bigger or lefs ? 

Chan. The Glafs, my Eupkrofyne^ can do no fuch 
Thing, the real Magnitude of the Objeft continues the 
iame, however it may be viewed by the Glafs, the mag* 
nifying Power, as we ufually call it, is only apparent. 
The Eye, by Means of a Glafs, views an Objefl: under 
a larger Angle than it can do without, and confequently 
will fee it, in Appearance, larger ; for by the Principles 
<jf Optics, which you have pcrufed, if you recoiled, it 
appears, that any Objctt fubtends a larger Angle in Pro- 

Grtion, as it is nearer to the Eye, and that Angle is the 
eafure of the apparent Magnitude of the Objeft ; thus, 
for Inftance, if you extend your Arm, and hold up your 
Finger againft the Ball under the Crofs, on the Top of St. 
Pours Cathedral, it will appear much bigger than that Ball 
does, becaufeit fubtends a much greater Angle to the Eye 
than that Ball does at fo great a Oiftance, though it be fix 
Feet in Diameter. 

M 2 
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Euphrof. There is fomething very curious and fur«* 
prifing in your Doctrine of apparent Magnitudes, I find 
by Experiments, which I little thought of before; but 
admit that the Glafs only (hews the Objecl larger, yet 
there is one Thing farther that mull be the Subject of 
another Query, viz. how it comes to pafs that the Glafr 
fhews the Object diftinclly at fuch a Diftance from the 
£ye, where it cannot be feen without it, unlefs very con- 
fufedly? m ^ . 

Cieon. You will remember the Experiment which yoa 
made in the Sun Beams with the Glafs, whofe focal Di- 
ftance was one Inch, viz. that it collected together the 
Beams into one Point, called the Focus 5 and that another 
Glafs of the fame Sort, held juft as far beyond that focal 
Point, received the diverging Rays, and made them all 
parallel again. 

Euphrof. I remember it very welJ 5. but what do you 
deduce from thence ? • 

Clecn On that Experiment depends all the Rationale of 
Vifion, by a fmgle Glafs ; for the Eye is fo formed by 
Nature, that unkfs Rays of Light fall nearly parallel 
upon it, they will not be converged to a Focus upon the 
Retina in the Eye, and therefore no perfect Image can be 
there formed, but by thofe Rays which come from Ob- 
jects fo far removed from the Eye, that they may be con- 
iidered as nearly parallel ; and therefore, as I faid before,- 
there is a Limit to perfect Vifion by the naked Eye, and 
this you will find in general to be about fix or feven 
Inches from the Eye, with regard to near Objecls : This 
is confirmed by Experience, becaufe any Objedt held 
nearer to the Eye will appear confufed, as the Rays 
coming from any particular Point mull be confidered in a 
convening State, and confequently tend to a Point or 
Focus beyond the Bottom of the Eye, and therefore the 
Image mud be very imperfectly formed on the Retina, 
and lo produce a confufed Appearance of the Object : — 
For Example 5 I hold a Piece of Wire at three Inches 
diltant from my Eye, and it appears large, but very con- 
fufed and indiftindt ; but if 1 take a Glafs, whofe focal 
Diftance is three Inches, and hold it clofe to my Eye, 
the Rays will by that Means be made to fall upon the 
Eye in a parallel Direction, and by that Means be nicely 

united 
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-united on the Rttina, and there forming a perfc3 Image 
of the Wire, will caufe a diftin£t View of it. 
Euphrof. I fecm to have a tolerable clear Idea of this 

Matter : And fince the Wire appears diftinttly at the 

Di (lance of three Inches from the Eye, by Means of the 

• Glafe, it will be feen of Courfe under an Angle twice as 

large as it fubtends to the naked Eye at the Diftance of fix 

Inches, and therefore will appear twice as large ; confe- 

Juently, an Object in fuch a Cafe may be faid to be magni- 
cd twice. For the fame Reafon it .will follow, that if 

-a Glafs of one Inch focal Diftance be applied to the Eye, 
the Objeft in that Cafe muft be placed in its Focus, or at 
one Inch from the Eye, and then the Rays being rendered 
parallel upon the Eye will caufe a diftin£t View of it at 
that near Diftance, which, as it is fix Times lefs than fix 
Inches, it will appear fo many Times magnified by fuch a 
Glafe, 

Clem* What you have now faid, you inftantly prove by 
Experiment ; and the fame Reafon holds for any Glades 
■of Uiorter focal Diftances, they always magnify more in 
.Proportion. But let us reflect a little on the magnify- 
ing Power of a Glafs, whofe focal Diftance is one whole 
Inch 2 — You fee it magnifies the Diameter of the Wire 
rfix Times; but as you increafe the Length or Breadth of 
an Objed, -the Surface will increafe in Proportion to the 
-Square thereof, and confenuently will appear fix Times 
'fix, -or thirty-fix Timee as large as it appears tcr a naked 
Eye, and consequently fuch Glafles will exhibit a very 
«agrecable V»iew -of many of the larger Kind of fmall Ob- 
jects; for which Reafon they are very muchjnUfe, in 
obferving the Works both of Nature and Ajt r and may 
be properly called Megal ascopes :■ -Thus all the 

fmaller Sort of Flowers appear extremely fiqe wheu 
viewed through fuch Glafles.— -All Kinds of Inf$£b, 
as Flies, Bees, Wafps, S$c. make a noble Appeatance 
•thus magnified, and feem quite different Creatures .than 
what they appear when viewed diminutively with the 

-naked Eye. The Texture and Veffels of Plants and 

Animals arc exquifite Subjefts of the Megalafcope ; 

and when we apply them to view the Works of Art, 
-their Benefit is fufficiently known to the Watchmaker, 
<hc Draper, the Engraver, &e. under the Denomination 

M 3 of 
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of the Watcbmahrs^Glafi ; Cloth- MUr of cope ; £s*V. and or 
a pretty Experiment of this Kind, I need only propofe tp 
you this fmall Circle, in which is contained the ten Com- 
mandments, which the beft of Eyes cannot dccypher, bot 
•with a Glafs you fee to read the whole diftindly. 

Euphrof This Glafs is of excellent Ufe, I find by this 
Experiment ; and this, which you have been fo kind as 
to make me a Prefent of, will afford me great Entertain- 
ment, as 1 (hall frequently apply it to the Purpofes you 
have mentioned. 

Clean. There is one Thing farther to be considered, 
with regard to the magnifying Power of this Glafs, vi%. 
that the Solidity, or the whole Bulk of a Body is magni- 
fied in Proportion to Cubes of the Diameter or Side: 
Thus, fuppofe any Globule, or other fmall Object were 
to be viewed through the fame Glafs, the whole Bulk 
will be apparently increafed fix Times thirty (i*, or 
21 6 Times, or fo much larger it would appear through 
the Glafs to the naked Eye. — I have brought with fne two 
or three Marfh-mallow Flowers for a Specimen of this 
Kind ; you fee a little white Part Handing up in the Middle ; 
pray, view it with your megalafcopic Glafs, and tell me 
what you fee. 

Euphrof. I fee a great Number of very beautiful, fmall, 
white Globules befet with thick Bridles, and growing in 
Clutters at the Tops of long white Stalks ; a mod agree- 
able Spectacle this, and what I could never have thought 
of from the naked Eye. 

Clean. As another Inftance, take this Leaf of Sage, 
and view it with the fame Glafs. 

Euphrof I do; and am amazed to fee the numbexlefs 
Globules all over its Surface, in Appearance like fmall 
white waxen Balls ;«— others upon the Mint Leaf I fee 
have a different Appearance, but require to be magnified 
(till more to view them perfectly. 

Clean. That you will do by and by ; I only propofe 
by tbefc Specimens, that very fmall Objects, when mag- 
nified 200 Times, are capable of being feen even with a 

Megalafcope : And were you to fee a Flelh-fly aoo 

Times as large as what you view with the, naked Eye, 
they would command your Attention as much as a Cro- 
codile from the River Nile, which is but a Lizard of 4 
larger Bulk. 
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Euphnf. Pray, of what Form or Size are thofe Glafles 
which ypu make life of for greater Powers of magni- 
fying ? 

Clan. ' They are of the fame Form with this Megalaf- 
cope Glafs. viz. a double Convex generally, but the Size 
very fmall ; for as they are intended to view fmall obje&s, 
there is no need of a large Diameter, nor indeed will the 

Nature of the Glafs admit of it; As the Glafles are 

fmall, fo are their focal Difta rices, and in Proportion 
their magnifying Powers the greater ; hence thefe Glades 
are properly called Microscopes, which denote only 
their Power of magnifying vgry fmall ObjcSi : But as 
thefe Glafles are fo very fmall, they cannot conveniently 
4c applied to Objects without being adapted in a Frame, 
confifting of proper Parts for that Purpofe, by which 
Means the Glafe and the Object may be at any required 
Diftance from each other, and from the Eye, and the 
Object viewed with all imaginable Eafe, by holding them 
iu the Hand againft the Light, as you will eafily fee in 
the feveral Forms here before you, -which indeed are but 
/our, but they are the beft and mod convenient of all the 
numerous Inventions for this Purpofe. 

Eupbrtf Which of thofe Microfcopes do you recom- 
J&ead as the mod perfect and eligible ? 

CUtn. It is difficult to fay which is the beft of all ; 
they have fever ally their peculiar Advantages arifing from 
their particular Form, and the Apparatus proper to each. 
—Some Gentlemen prefer one Form, fome another ; and 
I will poipt out the Properties of each feparately, that you 
may chufc upon Occafioa which you ple&fe, for I (hail 
make you. a Prefent of them all. 

EufJtnf fa this you will highly oblige me, indeed ; 
but you muft, in the firft Place, make me acquainted 
with .the JJfe of them, for there are fo many fmall Ad- 
juncts in what you call the Apparatus, that uniefs I know 
ihc Ufc of each Particular, 1 (hall not be perfect in the 
Applicsttipn ,of the Ipftrument. 

CUon. It is very true, my Eufhrojynt ; I know it is 
jncumbcut upon me, in the firft Place, to dified, as it 
»rere, each Miciofcope, and (hew the Ufc of the feveral 
rats a* they are varigufly applied for viewing different 
pbiefts. The firft I (hall begin with, is that which 

$A 4 generally 
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generally goes by the Name of Wilson's Microscopi. 
though the fir ft Inventor of this Form is perhaps not 
known. This Microfcope confifts (i.) of an external 
and an internal Tube, the latter moving by a long Screw 
in the former ; the external Tube being for the greateft 
Part open on each Side: You obferve (a.) two thin 
brafs Plates moving regularly in that Aperture by the 
Motion of that internal Tube or Screw; and to keep 
them together you fee (3.) a fpiral Wire bear upon them 
from the Knd on the Infide of the outer Tube, the Intent 
of which is to prefs thofe Plates firmly together. (4.) The 
feveral Ivory Sliders which you here fee numbered, 1, 2 9 
3, 4, &c. in which are contained the feveral fmall Ob* 
jefts placed between two thin Plates of Mufcevy Glafs, 
ufually called Talks ; befides thcfe there is (5.) this long 
Brafs open Frame, to which is fitted an Ivory Slider, 
containing fmall Concave Glafles, with a plain Slip of 
Glafs placed over it for inclofing any minute living Ob- 
je& without crufhing it ; this like wife, when ufed, is 
placed between the two thin Plates, below which is (6.) 
a third Plate or Piece of Brafs with a cylindric Hollow 
to receive (7.) the feveral glafs Tubes, -which you here 
fee, three in a Sett, contained one within another, for 
holding any Fluids with Animalcule, Tadpole, Water- 
Newt, fmall Frog, &c. for (hewing the Circulation of 
the Blood. (8.) At the End of the outer Tube is a 
Hole, with a Screw, to receive the feveral Plates of 
Brafs, or Buttons, which contain the fmall magnifying 
Glafles. (9.) At the external End of the inmoft Tube 
is a Piano Convex Lens, to throw Light upon the Ob-? 
jeft on the Sliders. (10.) Over this Glafs are placed cir- 
cular Pieces of Brafs, with Holes or Apertures of a dif- 
ferent Size, for proportioning the requifite Degree of 
Light. Thefe are the principal Parts to be ufed in view- 
ing tranfparent Objects: But for thofe that are opake, 
you are fupplied with the following Apparatus. (11.) A 
iquare, flat Piece of Brafs, with a bevel Edge on one 
Side, and pierced with a Hole through the Middle, with 
a fmall Steel Spring to bear upon (12.) an Iron Wire t 
made (harp at one End, and containing a Pair ofPlyers 
on the other ; this Piece of Brafs with the Plyers, being 
placed between the two thin Plates of the Microfcope, 

there 
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'here is (ij.) another Piece of Brafs with a Screw at 

'w End, by which it is fixed on the objedl End of the 

Wicrofcope on one Part, and contains on the other a 

fcoJ/ou Screw for receiving the feveral Magnifiers, which* 

.j" this Cafe, fliew any Objeft held in the Plyers at one 

End, or fixed on the (harp Point at the other j and m 

ac * a pte?ery Glafs for this Pur pofe, this Piece confifta cl 

t»o Pjrts^ with Motion about a Center. (14.) On the 

^ ar p End of the Wire there is fcrewed on a fmall ctrcu- 

_' a * Jriece of Ivory, with one Surface black and the ether 

^^ue, on which Objefts of a different Colour are laid to 

^ viewed. (15 ) Inftead of the fmall GIafle.«, you may 

\ Q **w on the Glafs in this black Ivory Frame, which is 

^^Hcd the Tun : This is defigned for viewing larger Ob- 

j c Gs, like that which you have in your Pocket. (17O A 

Vair of Nippers, Hair-Brufh, Box of Talk- wires for 

fixing them in the Sliders} &fr. complete the Apparatus 

of a WilMs • Microfcope, for viewing every Sort of 

Objefts*. 

* That the Reader may have a proper Idea of the faur dif- 
ferent Forms of fingle Microfcopes, and the principal Parts of 
fie Apparatus, we have thought proper to add a Figure of 
each Form, drawn from the Inflruments themfelves, which 
seed no particular Defcription, as the Ufcs of the feveral Parts 
may be eafily understood by Ir.fpe&ion. (See Plate XL1IL) 
The Particulars of the Apparatus are as follow : 

A is the Megalafcope Glafs, to be held in the Hand for 
viewing the larger Sort of fmall Objedls. 

B the circular Piece of Brafs, in which the Microfcopie 
Glafs is placed to be fcrewed on at the End of JVHfon's Mi oof- 
cope, or that of the firft Form ; of thefe there are 6 in 
Number. " 

C a Pair of Nippers for takirg up fmall Obje&s. 

D a Quill with is Camel Hair Brufli at one End for clean- 
ing Glafs, and a Pen Point on the other for taking up a (mall 
Quantity of a Fluid, Zsfc. 

£ a Glafs Tube for holding Fifh, or other Animals, for 
ftewing the Circulation of the Blood. 

P a long Brafs Cafe for holding a Slider, with fmalt Con- 
caves, and a plain Glafs over them for confining fmall living 
Animalcule. 

G a fmall Box of Talk and Wires, for fupplying the Ivory 
gliders upon Occifion. 

H 
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Eupbrof. You have run over a large Catalogue of Par* 
iiculars indeed ; one had need have a pretty good Memory 
to retain the particular Ufes of each : But I apprehend this 
will not be difficult after a little Pra&ice. 

CUon. You will find it extremely eafy to manage every 
Part with once ufing only $ and when you know it in one 
Microfcope, it is nearly the fame in all the reft, which 
differ from each other principally in the different Manner 
of applying the feveral Parts of the fame Apparatus. 

Eupbrof You will pleafe, in the next Place, to inform 
me of the different Power of magnifying belonging to 
each Glafs of the Microfcope, that I may have a more 
adequate Notion of the Efte&s of this Inflxument when I 
ufeiu 

Cleon. This cannot be known without measuring very 
precisely the focal Diftance of each Glafs « Thus, for 
Example, 1 find by meafuriug, that the focal Pittance 
of this Glafs is one Tenth of an Inch ; Now. you know 
that in 6 Inches there are 60 Tenths, and consequently, 
when I view an Objeft through this Glafs, it is then 60 
Times nearer to my Eye than when I view it without the 
Glafs, and therefore it will appear 60 Times larger 14 

regard 

■■■■■■■ ■■ •■> ■ ,. 1 ii 

H a Piece of Ivory with two Sides, the one black and the 
other white, wicb two faiall Steel Springs fox holding Objects 
upon them- 

I the Silver Speculum belonging to the opake Microfcope, 
or that of the third Form, in the Center of which the fmalf 
Magnifier appears. 

K a double Spring Frame for holding the Glafs Tube, 

L the fame for an Ivory Slider. 

M two fmall circular Pieces of Brafs, containing a concave 
and a plain Glafs, one moveable over the other, for confiniog 
fmall living Objects. 

N the Plyers, in the Pofition they are applied for viewing 
Objects in the Opake Microfcope, to the Point of the End of 
which below are fcrewed on the feveral Parts of the Apparatus, 
denoted by the feveral Letters H, K, L, and M. 

There are other Particulars of an Apparatus belonging to 
thefe Microfcopcs ; but as they are fcldom ufed, and the Man- 
ner of their Application not eafily underftood without viewing 
the Inftruments themfclves, we have here omitted their Repre* 
(cntation. 
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regard to Length and Breadth. Thus a Flea, or any fmall 
Animal, will appear 60 Times longer and wider than it 
docs to the naked Eye ; and, becaufe a Flea is much about 
-z-f of an Inch long, it will appear through the Glafs 6 
Inches long. 

Euphrof. What an hideous Figure mud it make of that 
rnonftrous Size ! 

CUtiu Efpecially if you confider that the whole Sur- 
face of the Body of the Flea will appear 60 Times 60, or 
3600 Times larger than we view it with the naked Eye. 

Euphrof. Heavens ! why, at that Rate, it mull appear 
as large as a Lobfter. 

CLon. I can allure you, the Com pari Ton is very a» 
fT9p*$\ for, when the Flea is thus magnified, it has very 
-much the Appearance of that teftaceous Animal, as you 
will fee by and by. — But add to this, that the whole 
Bulk of the Flea will be magnified 60 Times 3600, or 
upwards of two Hundred Thoufand Times, and fo much 
larger it will appear through this Magnifier, than to the 
naked Eye*. 

Euphff. Prodigious, indeed ! 1 mud be ft ran gel y de- 
lighted with fuch unufual and extraordinary Views* If 
fmall Animals are magnified to that extreme Degree, how 
wonderful muft it be to view the Mites, and other fmall 
Animals, which appear in fuch very great Numbers ? 

CUm. They appear more numerous to the naked Eye, 
than through the Microfcope ; for in Proportion as they 
are magnified more, the lefsin Number will be feen ; and 
notwithstanding this Glafs which I have now mentioned 
has fo very great a magnifying Power, there are others 
which ftill much more exceed it, and other Methods of 
magnifying, hefides directly poring through the Glafs, by 
which Means a Mite will be (hewn as large as a Porcu- 
pine; and Animaleufoe, when magnified Millions of 
Times, will appear fcarce larger than phyfical Points ; 
all which you will be fatisfied about in a very little Time, 
i>y ocular Demonftration. 

Eupbrcf. To tell you the Truth, I cannot he^ being 
iff very great hafte to fee them ; therefore hope you wifi 
net detain me long from ftteh wonderful Speculations. 

y ■ ■ — ■ ' ■ ' — " ■ ■ 

# At prefent we refer the Reader to the Print of the Flea, 
§ee Magazine for Jfril, 1759* 
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Clecn. As I have largely defcribed to you the Apparatus 
belonging to Microfcopcs in general, what remains, io 
regard to the particular Conftru&ion, and Manner of 
Application, will be difpatched in a few Words. la 
Vcfpedl to the Manner of placing the' Glaflcs, you ob- 
serve, it is different in each of the three Forms * for, firft, 
in IVHfons Microfcopes the G la flea are properly fet in 
circular Pieces of Brals, which are feparately fcrewed on 
to the Body of the Microfcope, for viewing Objefts. and 
they are adjufted to a proper fpcal Pittance by Means of 
a Screvr. 

But, fecondly, the neweft Invention for this Purpofc, 
is to place all the Magnifiers in one long Piece of Brats, 
by which Means it is eafy to apply any Glad to the Objflft* 
inftantly, without the Trouble of fcrcwing the GJafa 
on and off the Microfcope $ alfo, the Focus is imiaediatek 
adjufted by the Contrivance of Teeth and Pinion, whkn 
you here obferve on the bide of a Microfcope of tjiis fecond 
'Form. 

Thirdly, in order to view Opake Bodies by *he Gngle 
Microfcope, there has been lately contrived a Method of 
-applying the Magnifier to a Hole made in the Middle of 
a refleding Silver Speculum ; which Speculum being 
fcrewed on to the Inftrument, the Opake Okje£fc in the 
Flyers is placed before the Magnifier, and the Light 
ftrongly refleded upon it to render the fuperficial Parts 
delightfully vifible. The Focus is adjufted by a Brafs 
Piece, moveable by a Screw and Spring, as alfo by the 
Joint of the PJyers. In this Contrivance, all Kinds of 
Objefls, both Tranfparent and Opake, are moil advan* 
tageoufly viewed by Means of a fingle Magnifier. 

The three Forms, now mentioned, are properly called 
manual Microfccpes, as they are ail of them held in the 
Hand, and turned to the Sky-light, or Caudle, in viewing 
Objeds. 

But there is yet another, and (in fome refpeftsj a more 
commodious Form of a fingle Microfcope, which is 
placed on a Foot or Pillar with a moveable Stage, on which 
the Objeft is placed ; below which is placed a refle&ing 
Speculum, moveable every Way to throw up the Light oo 
the Objedl ; and this we may call the Fourth, and laif 
Form of a fingle Microfcope. 
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Eufhrif. I think this appears to be the moft convenient 
Method of them ail, as I have nothing to do but only fie 
at the Table and look through the Glafs at the Obje&s. — 
But I fee, that in this Sort of Microfcope you have differ- 
ent Conftru£lions ; for I take it, that all thefe before me' 
are Specimens of each particular Form. 

CUon. They are fo; and 1 have procured them, in 
order to give you an Idea of the different Manner of ap- 
plying, and viewing Obje&s in this Way. In all of 
them there is a Variety in the Frame in which the Glades 
are placed, the Method of con (trucking the moveable Stage 
by ad jutting Screws, (37. the Manner of fixing the reflect- 
ing Speculum, and many other Peculiarities, which you 
will eafily become acquainted with in the feparate Ufe of 
each — Some of thefe are very expenfive in regard of 
curious Workmanfliip : — Others, too much laboured and 
incumbered with too many Parts and Appendages : — And 
others are as remarkable for their light, eafy, and elegant 
Conftruftion : one of this Sort I (hall here recommend to 
vou for your common Ufe ; and it con lifts of the following 
Parts: (i.) A Piece of Brafs properly formed for the 
Foot or Balis, wi»h a circular Hole in the Middle, whofe 
Ufe I (hall mention hereafter. (2.) The Stem, which 
confiftt of two Parts : The ift of which is a Pillar fcrewed 
into the Foot, and the 2d a fquare Piece of Brafs fcrewed 
into the Capital of the Pillar. (3.) Two Pieces of Brafs, 
moveable on the fquare Part of the Stem, the Lowermoft 
of which is fixed by a Screw in the Side, while the other 
remains moveable by an adjufiing Screw on the back Part* 
(4.. ) To the upper Piece, the Stage is adapted by a Dove- 
tail Groove, in and upon which Obje&s are placed, as in 
the other Forms, to be viewed, and are ad j tilted to a, 
proper Focus by the Screw behind, (5.) On the 7 op of 
the fquare Piece of Brafs, or Stem, is fixed the Head of 
the Microfcope, which has a flat Piece of Brafs, properly 
formed, and placed horizontally and parallel to the Stage.. 
(6.) On the under Part of this Plate is a circular Piece of 
Brafs, containing 6 G la (Feb, difpol'ed in a circular Man- 
ner near its Circumference : This Piece is moveable on 
a Screw-pin in its Center. (7.) On the upper Part of 
the Head-piece is another circular Piece of Brafs, fixed 
ac the End with a Screw en the Outfide, and a fmall 

HoU 
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Hole in the Center, to which the Magnifiers are fuccef- 
fively applied for (hewing the Objects on the Stage below. 
(8.) The refle&ing Speculum, Screwed on to the Pillar, 
and moveable on a Joint, illuminates the Object to be 
viewed. — From all which, you will readily fee bow eaty I 
and pleafant it muft be to view Obje£U in this Cotiftruc- 
tion of a Mkrofcope. There are many other Ways and 
Methods of applying fingle GlafTes, bat none of them fo 
well deferve your Notice, as the four different Forms I hate 
now defcribed to you : But I muft take another Opportunity 
of explaining to you the Difference between fingle ifid 
compound Microfcopes; the different Conftrultion of the 
latter,— and, laft of all, the Nature and Conftradlionrof tlk« 
Solar Microfcope, which muft be the Subject of our cafta— 
ing Microfcopic Speculations *. 



DIALOGUE II. 

Of the Nature •, Conjlmftion, and Ufe of Compoujt J 
Microscopes. 

Euphrofyne. 

AT our laft Interview you entertained me with ^ * 
Explication of the-different Forms and Conftrudic^ M 
of fingle Microfcopes, axxl promifed me, in our next, t** 4 
fame Thing with regard to compound ones ; and I fe?^ 
by the Inftruments before me, that you intend to be »■- 

good as your Word. They are equally numerot*^ 

and much exceed them in Magnificence of Appearance 
but, I fear at the fame Titv.e, fince they arc not fo limp** 
in their Nature as the former, their Conftru£lion a*** 
Effe&s will not be foeafy to be comprehended. 

Cleon. When you fee the Parts of which they ^ r * 
compofed, you will not find them fo very complicated * 
you imagine ; and tho* they ftrike the Eye with Grand^** 
and Sumptuofity, yet the eflential Parts, by which c **' 
Effects are produced, will be found to be very few, &*** 
thofe eafy to be underftood. 

# See Plate XLIV. 
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E*pbnf. I hope I (hall find it fo ; but, pray, is the 
Eftettofa compound Micro fcopc above that of a Gngle 
One, in any Proportion to its Magnitude ? if it be, they 
Biuft be wonderful Inflrumems indeed. 

CUm* In anfwer to that Query, my Euphrofyne y I need 
toot inform you, that your Sex, as well as our own, are 
*ery ^ptto be affc&ed with Grandeur and Magnificence, in 
**crySbsipc; and the Microfcope, to many People, a$ 
J*Uach recommends itfelf by a pompous Appearance, ac 
*f iu ufeftil Effe&s ; But as we are only at prefent con- 
cerned with the latter, I (hall proceed to (hew you the 
difference between a finglc and compound Microfcope, 
^fcwb confifts in the following Particulars: (1.) In the 
6 Oglo Microfcope one Glafs only was neceflary, becaufe 
*H«Objeft itfelf was viewed by that Glafs ; but (a.) In a 
•impound Microfcope the Image of the Object is viewed 
**y tbe,Eve 9 and therefore two Glalfts at lead are neceflary 
jF* A» Co»ftruftion, viz. one to form the Image of au 
t-^iyoclU and the other to (hew it magnified. 

Jfapbrifi Then I apprehend, by what you have faid, 
^^tonly twxt Glrfc* are elTential to a compound Micro* 
fcopc ; Bqt;tjc£<ta* the two which you have now (hewn me, 
I oMprve there-are two cghcjr* in the inftrumentj pray, 
^ vbtKvpofedotbey ferfe? 

Cbnr. They, only ferve to make Vifion more diftin£l 

***tl plea&nt, by properly attempering the Rays of Light,. 

**d enlarging tho Field of View. The original Con- 

ft'tiflion. was with the two GlaHes only ; then a 3d was 

*dded, for an Improvement of the Invention ; and, ac 

*&t * 4th, to complete that Improvement. — It requires a 

Bt^fthemaucal Skill in Optics, to conceive the Rationale of 

them*!! ; but you will eafily find, by Experiment, that 

**y ha ve. each of them their peculiar Ufcs, in producing 

*• ffeat EfieAof a magnifying Power in the bed Manner 

F*flSUe. 

Hqkrof. You will be fo good as to point out to me 
j*j« Ufcs ofeach particular Glafs, and illufti ate the fame 
*7 an Example. 

, Cfam. That I (hall rtadily do, with an Object a little 
* your own Way, 1 mean, a Row of the fmalleft 
Miiukio Pins,, which you can give me ; and you will be 
10 kb pleafed with the Oddity of their Appearance, than 
Wu *e with their Ufes in DreOing. 

8 
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Eupbrof. This Experiment will be very *>prop$s, \& * 
deed. — Here is a, Row of the fine Pins you want. 

Clean. The Glafles of the compound Microfcope ar ^ 
all contained in one Part, which is called the Body of tk *^ 
Microfcope, the lower Part of which is a long Pipe, <r* 
Snout, as it is commonly called, on which is ferewed ^^ 
Brafs Button, or Box, containing a fmall -magnifying 
Glafs, which of itfelf has a confiderable magnifying 
Power, as will appear by your applying- the Row of R oe 
to the Focus of that Glafs, which 1 have now taken ol^E 7 "" 
for that Purpofe. 

Eupbrof. Well ; how oddly they appear, indeed ? 

they look as large as Corking Pins : Their Heads a^^ 

large as Bullets, rough and uncouth.— —There appetr^s 
juit five in the Field of View. 

Cleon. By that you will know the Ufes of the othf «c 
Glafles; for if now I fcrew that on to its proper Place- ^ 
at the End of the Pipe, and take off the Glaffes on tb^s- 
upper Part, then, by placing the Body in the external Part^ 
or Cafe of the Inftrument, I move it gently down towaw*« 
the Pins that are now laid upon the Stage, and by adjuflL — 
ing the Glafs to a little more than the focal Diftance from 
the Object, the Image of the Pins are formed in tb« 
upper Part of the Body, as you will eafily * fee by 
placing this Piece of oiled Paper in the Focus of the larfe^ 
Glafs. 

Eupbrof. I fee the Image very plainly formed upon that 
Paper ; and they appear this Way as large as in the other* 
or through the Glafs itfelf. f 

Cleon. The Image (as you learn from the Principles °* 
Optics which you read) is as much larger than the Objc^» 
as its Diftance is greater ; and fince the Diltance of tb«- 
oiled Paper from the Glafs is 6 'limes as great as that °* 
the Paper of Pins, therefore you fee the Image of c^ c P 
Pin 6 Times in Diameter and Length greater tha** *. 
appears to the naked Eye, from whence you underdo n , 
that, by this fingle Glafs alone, the Object is magni6 c 

6 Times: Then, if this Image be viewed by anofc** e - 

Glafs, which you fee here on the Top, of one Ir» c . 
Focus, and therefore placed juft one Inch above the oi *f^ tf 
Paper, the faid Image will appear very diftinftly to c 
Eyej and fince, in this Cafe, it is at lead 6 Times " ci * r fp 



AND LADVs PHILOSOPHY. 177 

to the Eye than it can be feen without the Glafs, therefore 
the Imge will appear 6 Times larger, by Means of the 
upper Glafs than it does to the naked Eye jand, confequent- 
hj theObjefk will appear 6 Times 6, or 36 1 imes magni- 
fied in Length and Breadth, and the Surface is magnified 
36 Times 36, or 1296 Times, and in Solidity 36 Times 
'^^ or 40656 Times : And in that Degree you mull un- 
derstand the Heads of the Pins are magnified, as they are 
fclid Bodies. — 1 will now put the Glafs in its Place, and 
then you may fee the Experiment. 

Rufbr$f. They are magnified to a prodigious Degree, 
I allow ; but (till I cannot conceive they are magnified 
Forty-fix thoufand Times. 

Cmu There are no Fallacies like thofe of Vifion, on 
the one Hand, nor any Truths fo much fufpeded on the 
wher: We often fee Things that arc not, as if they were, 
and cannot eafily be perfuaded to the contrary ; and no 
J c & frequently we look upon real Fafts as the greatelt 
Improbabilities.— This (hews, in general, how necef- 
"fy the Know lege of Geometry and natural Philofophy 
**» to gi?e People a juft and adequate Idea of Things, 
and to free them from all Imp fition by ibrir Senfcs, uh 
JJjll from optical as all other Kinds of lliufions ■ 
*bua much for the magnifying Power of the two (j la lien, 
*bich greatly exceeds that of the fingle Ghfs alone. 

Eipbrtf. But another Thing I obferve, CUminis, iff, 
that though the Pins be much moic magnified by the two 
Gbffcs, yet I obferve not fo many of thcrn : for now, 
farcely 3 appear inftead of 5. 

Cfcu. This is only the common Confequrncc of mag- 
nifying; for the more any Object is magnified, the kin 
Number or Quantity of its Parts appear : And it h for 
tbis Reafon, tliat this other larger Glafs (called (he hddy 
Glafs) is added, to enlarge the Held of View, by <iimi- 
nHningthe magnifying Power of the two (flatten; for 
when I put this Glafs in its Place, you will fue the Image 
is contracted on the oiled Paper above if, and by that 
Meaos a larger Quantity of the Object will U:<\r\n<\rA 
upon it, and confequently a greater Number of V'uv. will 
appear, as you will find by trying the Experirr.'r;'. 

Evfbroj. This I clearly fee > but then one 0»':fli"ii 

ihH occur, which is this : you tell me, thai one of iholn 
Vol. II. N OUiir, 
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Glafles on the upper Part is employed to magnify, ami 
the other to diminifh the Image formed by the fmali 
object G'afsv fince this is the Cafe, is k not poffiMe 
for one Glafs to anfwctr the End of both ; that is to 
fey, to magnify juft fo much of itfclf as they both do 
together ? 

Clean, I anfwer in the Affirmative, one Glafs wDl 
magnify juft as much as the two ; but there is another 
Fuipofe to be anfwered be fides the magnifying Power* 
and enlarging the Field of View, and that is, to correct 
the Errors of Refraction by a fingle Lens, and to make 
the Field of View more per fed towards its extreme Parts* 
fo that the Objects which lie round the Circumference 
appear lefs diftorted and con (u fed than in an equal Field 
by a fingle Glaf9 only : And moreover, tbe Rays of 
Light, paiBng through both Glafles, are fo attempered, 
and, as it were, adjuftcd, that the Cone of Rays entering 
the Eye, render tbe Vifion more eafy, fteady, and plea- 
fa nt * : All which you will eafily find by obferving tbe 
Objeft through both Glafles, and through one alone, 
when the magnifying Power is in both Cafes equaL And 
what I have obferved now with refpeel to the Eye-clafe? 
h equally applicable to the Object -glafs below ; and there- 
fore, when refraining Microfcopcs are conftrucled with 
four Glafles, they are then as perfeel as the Nature of fuch 
Ipftruments will admit of, and fucb-a one I have here put 
ifito your Hands. 

Euphrof. The Microfcopc, which you have been now 
fo kind as to make me a pre fen t of, is of a fuperb and 
magnificent Form \ and having fo large a Bulk, I appre- 
hend the Field of View, and confequently the Ufe of 
the Inftrument, will be io much the more perfeft and 
pleafant. 

Clean. In this you may, perhaps, be in fome Degree 
mifiaken : It does not follow, that the Field of View is 
always proportioned to the Largenefs of the Inftrument, 
or Glafles ; there is a Mean in all Things, or Limits, 
which, as your Horace tells you, are the Bounds of 

Perfeaion t 

* The Thecrj, or RatitnaU of this Doctrine of the Compofi- 
tion of Glafles, and of diftinft and indiftirct Vifion, is fully 
and particularly explained io my miv Princij>ht cf Achromatic 
Cpiictm 
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Pcifc&ion, on either Side of which it is impoflfible any 
Thing ftiould be right.— You will wonder, perhaps, 
when I tell you, that a compound Microfcope may be 
conftru&ed not more than an Inch in Diameter, which 
will (hew you molt Sorts of Obje&s nearly as well as this 
large one of two Inches : And to convince you of this 
Truth, I have provided I i Ice wife a compound Microfcope 
of a portable, or pocket Form, that you may take with 

Stu into the Gardens, or Fields, for inftantly viewing any 
hied that may prefent itfelf in your Walk. 

Eupbrof. You are very obliging, Cleanicus ; it feems 
to be a pretty, neat Inftrumcnt for that Purpofe,— I 
obfervr, there is the fame Number of Glafles in this as 
in the large One, and when I put the Row of Pins under, 
they appear, as you fay, very nearly the fame as in the 
larger Microfcope, and mud confequently afford me a Va- 
riety of optical Pleafures from the Multiplicity of Obje&s 
which the Fields and Gardens afford: — But, methinb, 
I fhould be glad to know fomewhat of the Reafon, why 
thofe fmall GlafTes perform fo nearly as well as the 
large ones ? 

CUcn. The general Reafon will appear from confider* 
ing, that the Perfection of the Image in all the Variety 
€kf optical Inflruments is regulated by the Aperture, or 
round Hole, by which the Light paries through the 
GlafTes from the Objeft ; on which account we are 
obliged to have ftrift regard to this Aperture of the Ob- 
je£fc- glafles on two Accounts ; — the/r/7is, becaufe the left 
the Aperture of the Glafs is, the Id's will be the Error 
of Refra&ion, and confequently the greater will be the 

Perfcflion of the Image formed of the Object. But, 

JJKtndfyi if the Hole be too fmall, the Image will not be 
fufficiently bright, and therefore the Aperture mud be 
finch as will admit of a fufficient Degree of Light, by 
which the Picture of Objc&s may be viewed to Advan- 

3e: Therefore the Perfection of the Inftrument princi- 
ly depends on the Aperture, and not on the Size of 
the Obje£r.-glafles, which you fee is the fame in the large 
and fmall Microfcope. 

Eupbrof. This, I obferve, and am very well plea fed 
that you have mentioned this Particular, which I might 
not oiherwifc have fo well confidered ; as to what regards 

N z the 
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the Errors of RefraQion, I mult take that upon youir 
Word : But I can readily apprehend, that if the Aperture 
of the Objcft-glafs be too (mall, or too hrge, there wiif 
certainly be too little, or too much Light for (hewing the 
Objeft wkh a reqtrifite Diftmftnefs and Perfection : and 
there is as little Pleafure in viewing the Image, tho' well 
defined, in the Dark, as there is when confuted wkh too 
much Luftre. — But though the Objeft-glaiTes are alike in 
the Parlour, and the Pocket-Microfcopc, yet I fee the Eye- 
glaffes are widely different, being very large in the one* 
and fmall in the other ■ ■ ■ ■ 

CUon. It is true, they are ; yet the Effect is nearly 
the fame m each : And to convince you of this, I fliall 
flicw you the Hole in that Piece of Wood which is ufually 
called the Stop, which is placed between the Eye-glafles, 
and which- is but a Trifle bigger in the large, than in the 
fmall Microfcope, as by fcrewing ofF the upper Eye-glad 
you will difcern very plainly. 

Eupbrof. 1 fee the Difference is but fmail 5 but what 
is the Purport of thefc Holes ? 

CUon. They are intended to limit the Field of View 
as far as it is perfect ; and as they differ fo very little 
from each other, k is plain, the rerfe£Hon of Vifion 
does not depend on the Size, or Magnitudes of the Eye- 
glafles. Upon the Whole, therefore, you will find, 

that there is but very little Preference to be given to the 
large ft Microfcope, on Account of the Bulk of the Frame 
or Glaffes. 

Euphrof. Since this is the Cafe, pleafe to let me know 
what are the peculiar Advantages of each Conftruclion. 

Clem. I will : And firft, with regard to the Parlour-* 
Microftcpe, the Particulars which recommend it are as 
follow r ( 1.) I have obferved to you before, that Grandeur 
plcafes in every Shape, and wc have naturally a high 
Opinion of any Thing constructed in a magnificent 
Taite : The Palace is preferable, for its fumptuous Ap- 
pearance, to a Cottage ; though you or I could deep, or 
enjoy Life equally well in either. (2.) The large Mr- 
crofcope is fixed on a proper Bafis, and therefore Objects- 
may be applied and viewed more readily, than when the 
Inftrument is held in the Hand. (3.) There is inr the 
Parlour-jMicrofcope, generally, a much larger and more 

expea- 
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cspcnfive Apparatus, that nothing may be wanting to 
fender the Entertainments of this Inftrument pleafurable 
in the higheft Degree. {4.) There is in this Inftrument 
a larger Diftance between the Objecl-glafs and the Eye- 
glafles, and therefore, upon the Whole, the Scope or 
Power of magnifying will, in forne Degree, in this large 

Conftru&ion, exceed that of the imnll. Bac then, 

on the other Hand, the fmall one is recommended by the 
following Confiderations: (1.) Being of a Pocket Form, 
it may be carried any where, and, of Courfe, becomes 
more generally ufeful, than the large Microfcope. (2.} 
The Price is confiderably lefs ; and therefore fuits the Ge- 
nerality of People much better. (3.) The frnall Difference 
in the Effect between a large, and fmall Mic/ofcope, to- 
gether with the above Reaibns, incline many People to 
the Choice of the latter. 

Eupbref. As to the Form of the Microfcopes, I pre- 
fume, no great Matter depends on thai; and farther, [ 
fappofc, the Two you have brough^me, arc of the neweft 

Faraion and Tafte.— 

CUou. They are the lateft Forms in which Microf- 

copes have been made The three pillarM Microfcope 

(as it is ufually called) is, indeed, an old Fafhion, but 
then they have always been made in the large Form, and 
the Brafe Legs, or Pillars, of a different Shape and Size 
from what you fee in this Pocket-Microfcope. But 

as for the Form of this Parlour-Microfcope, it is quite 
new, as none, that I know of, have ever been made of 
that Conftruftion before ; for in this Form the Microf- 
cope is placed in any Situation, either perpendicular, or 
farallcl to the Horizon, or it may be placed in any oblique 
bfition, as Occafion may require ; befides this Advantage, 
there is yet another in the circular Stage that moves on a 
Center, and thereby (hews all the different Parts of Objects 
in the mod commodious Manner ; thefe two Particulars, 
together with the Lightnefs* Air, and Elegance of the 
Form, render it, in my Opinion, mod proper for a Ladys 
Uft\ to which may be added, it being contained in a neat 
$bagrein Cafe, with a complete Apparatus, renders it much 
more portable than thofe of the ufual Forms kept in wooden 
Boies. 

N 3 
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Euphref* I think myfelf greatly obliged to yon for th^* 
Trouble I have given you in fo many Interrogatoriet 
about Microfcopes, and for the Satisfa&ion you haves 

given me in their Solution. At prefent, I think, it will 

be proper to defift from any farther Enquiries of this Kind*^ 
but ftiail be glad to embrace the next Opportunity for that= 
Purpole. 



DIALOGUE III. 

On the Nature, Cottftrufifcn, and life of the Sola* 
Microscope. 

Cleonicus, 

I Have hitherto entertained you in the beft Manner I am 
able, with an Account of microfcopic ConftruAions 
of different Forms anil Kinds; nor have I finifhed that 
Subject yet, as there remains one which far exceeds all 
the reft in its magnifying Power, or the aftonifhing Ap- 
pearance it gives of* the fmailell Objefts. 

Euphmf. This, I prefumc, is the Solar Mierofcopes 
which I have heard you fpeak of very often, on that Ac- 
count — is not this the Inflrument now before me on the 
Table ? 

Clem. That is the Solar Microfcopc, whofe Nature 
and Conftru&ion I (hall now explain to you ; and then, 
a^ici wards, entertain you with fome Expeiiments of its 
Ufe. 

Euphrof It is called the Solar Microfcopc, I fuppofe, 
from its being ufed with the Sun, or rather, that it is 
entirely ufelefs without the Sun beams ; for I have heard 
you f.iy, that it is applied to U(e in a Room that is 
darken.-.d, and then only when the Sun fhines. But the 
Method of its Application in the Cotmra Obfcura, as you 
call it, is a Thing as yet I have little or no Idea of, and 
is what, I prefumc, you intend to infiruft me in. 

Cle:n. This Morning is devoted to that Purpofe. ■ 
The Room is darkened and ready for Ufe, and the Sun 
will probably continue till I have difpatched, in a few 

Words, 



i 
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^ ords, the Defcription and Ufc of the feveral Parts of 

the MicTofcope. — You will therefore obferve, this Inftru- 

njciuconfifts of the following Parts: (1) A long plain 

GUfs in a Brafs Frame, which goes on the Outfn!e ot the 

•* indow <o receive the Sun-beams which fall obliquely 

^hereon. (2.) The fquare Plate, or Frame of Brafs, is, 

**Y a Couple of Screws, fattened to a Window-ftiutter, 

^>**taining a Hole for the Looking- glaffes to pafs through. 

X?0 In the MidtHe of this Plate lies a Wheel with 

■* ccth, concealed, with a circular Rim of Brafs placed 

° v e* it, and is moveable by a Wheel and Pinion, which 

y^u. obferve in one Angle of the Plate. (4.) In the cen- 

r **^1 Hole of tHis circular Wheeli or Piece of Brafs on 

***e Outfide, towards the Looking-glafs, is fixed a con- 

?^^ Lens, who'c focal Diftance is about 8 or 10 Inches. 

jS-i In the Hole of the fame Plate, on the Face of the 

n ftromcnt, is fcrewed the Tube or Body of the Microf- 

^*?I»«, with its Drawer or Aiding Part, as you there fee, 

* ^-O On the End of this Slider is fcrewed a fingle Microf- 

rf °I>€of the firft or fecond Form, which I have before 

j^^ bribed to you : and thus you fee all the component 

**~tsof this curious Machine as they are put together. 
£- -^Lupbrof. Well ; but, methinks, I fliould be glad tQ 
^^^ the particular Ufe of each of thefe Parts, before wc 
j^^^^r the dark Room, where I cannot fo well fee the 

^ Lnpcr °^ '^cir Application, 
j ^-3»*. This I can (hew you juft as well in a light, as 
^Ji a dark Room ; the Light is no Obftru&ion to any 
^ * ^> ing but forming a Picture of the Object ; I have pro- 
^vl^-^d » Board with a Hole of the fame Size with that in 
j***^ Window-fhuUer, to which I (hall apply the Machine 

its feveral Parts fucceflively. And, 
-^w -#ir/l, I put the Looking- glafs through the Hole of the 
'^^^ird, and then fcrcw the Plate firmly on to the fame. 
^ Vlis done, then, 

jStcondly 9 I turn the Pinion which moves the Wheel 

SJ'ith the Looking-ghfs on it, towards the Sun, by which 

^ftcans the Rays of the Sun are reflected from the Look- 

\**g-glafs, through the convex Lens into the Room ; a$ 

«ere you fee by the Experiment. 

Thirdly,, It is neceflary in the Ufe of this Instrument, 
that the Sun-beams fhould be made to go lirait acrofs the 

N 4 Pioom, 
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Room, or parallel to the Floor, and to fall perpendicular 
on. the oppofite Wall or Side of the Room. Now there 
is but one Po fit ion of the Looking-glafs that will reflcfl 
the Rays in that Manner, and therefore you fee here is 
a fmall Wheel, and Endlefs Screw, fixed on the other 
Part of the Plate, for moving the Looking-glafs up and 
down, till it comes into the ncceflary Pofition ; and then 
you obferve, 

Fourthly •, the Beams of Light are refraded through die 
convex Lens to its Focus, which, you plainly fee t is at 
the Diftance of about 10 Inches from the Glafs. 

Fifthly* From the focal Point you obferve the Rays pro- 
ceed diverging, and forma large Circle of Light on the 
oppofite Side of the Room. 

Sixtb'y, I fcrew on the Tube with the fmall Microfcope, 
and place the Slider therein, with the Obje&s intended to 
be magnified. 

Stvt-nri-% This done, I move the Drawer forward an* 
backward, till I bring the Object in the Slider within * 
fmall Diftance of the Focus of the convex Glafs, wbetc 
you may obferve it is very much illuminated in the defrf c * 
Part of the Cone of Rays : Then, 

Eighthly , snd hilly, I apply the fmall Magnifier* * 
the fingle Microfcope, and by the adjufting Screw, m*>^ 
them to fuch a Diftance from the Objeft, as ftall fti^' 
their Image very plain and large, upon a Sheet hung ^ 
the oppofite Side or" the Room. And thus having {he*** 
you how every Part is applied to Ufe, I (hall repair, wi^ 
you, to the Room made dark, there fix the InftrumeJ? 
and mew you its furprifing EfTe&s. 

EuphroJ. 1 fhall, with great Pleafure, attend you 0& 
this Occafion, to fee how Darknefs itfelf conduces V& 
perfedl thefe Experiments, which depend on the ftronge/tf 
Light. 

Ckcn. Here, my Euphoiyne y enter the Room, and 
place yourfelf in the Chair I have there fet for you ; you 
will there be near me, to fee the feveral Proceflcs in the 
Application of the Inilrumcnt, and at a proper Diftance 
to view the Image to the bed Advantage. 

Euphrcf. I am feated, as you direft.— You may pro* 
ceed to your Operation as foon as you pleafe. 
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Clnn. The firft Objeft I (hall put in the Microfcope is, 
• tianfparent Scale of a Sole* fifh — obferve its Image upon 
the Sheet. 

Jiupbrof. Its Image 1 — I fee fomething prodigioufly 
l*rge, indeed $ and you amaze me, when you fay it is 

wily the Scale of a Sole : It appears at lead 12 or 15 

Feet longi and 6 or 8 Feet wide ; it fills almoft the 

Side of the Room. How thick fet with long (harp 
Points atone End ! its Subftance transparent, and varie- 
gated with beautiful Undulations. Were the whole 

rifti magnified in the fame Proportion, it mud furely be 
** big as a Whale. 

Ckm. You might have fa id, my Euphrcjyw 9 as big as 
* hundred Whales; fince the Filh, magnified as much 
** its Scale, would appear very near half a mile long.— 
*y this Inftance, you fee how Nature has provided for 
™« Defence of the Sole-fi(h, fince the external Part of 
*^^ry Scale is armed with thofe fliarp pointed Spines, or 
•* horns. 

_ Supbrof. I have often obferved, that the Surface of 
5P°fc Fifh were very rough to the Hand : but never knew 
5*J** Reafon of it before.* What is the next Object, 

Gm*. I have (hewn you the magnified Scale of a Filh, 
^*d I will next (hew the Scale of an Eel, magnified in the 
**" ~*ie Proportion. 

^npbr$f, T he Scale of an Eel, Cleonicus y that Exprefiion 



fc « -— msj to have a ft range Sound : I am fo great a virtutfoi 

»5^^ I never before heard of, or knew there was any fuch 

"*• fcing. 

C^Zwi. That may be, and numberlefs others befides 

j°**xfelf are not only ignorant of it, but will not believe 
* Mrhcn it is told them : Nay, the Jews infill that it is 

^'"""■atrary to the Mojaic Law, by which ihcy arc forbidden 
«t of that delicious Difh, as they apprehend that Eels 
» - *■** under the Denomination of that Sort of Fifh which 
5£f^ c w> Scales ; ■ But obferve, on the Sheet, the 
^*£%ure of one in its full Dimenfions and Perfection. 



filh 



* See a microfcopic View of the Skin and Scalei of a Sole- 
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Euphref. A prodigious Spc&acle this ! it is nearly 

as large as the Sc.de of a Sole, but of a very different 

Form } its Subftance feems to be one continued Piece 

of Net- work, proceeding in long oval Rings, as it were, 
from a common Center : I obfervc no BriQies, or 

Points, in this, nor can I tell on what Part it grows on 
*he Body. 

Clton. Thefe Scales, my Euphr^fyne^ differ from the 
Scales of common Fifti, in the following Particulars; 
Firji, tbey lye not on the external Surface of the Eel, bat 
are contained under one common Covering, or Skin.. 
Stc9ndiy y they do not lye one over another, as the Scales 
of a common Fifti ; but are placed one by the other, as 
thick as they can lye, through the whole Skin of the 
feel. Thirdly, their reticular Form, or Net- like Texuirc s 
is fuch as we obferve in no other Sort of common Fife* 
Scales; be fides many other Peculiarities which I (ball ob- 
fervc to you at another Seafon. You will next behold 

the wonderful Appearance of a certaiu Species of Eels 
tbemfelves, real living Animals. 

. , Eupbrof. Living Animals, Chcnicus ! ■ -they havfc 
' really fo much Life and Motion, and monftrou6 Size 
withal, that 1 have fcarce Courage enough to keep my 
Seat. Who could have thought to have feen, in a Mo- 
ment's Time, that Sheet transformed into a Lake of 
Conger Eels ?— — They are vaftly numerous, indeed, 

• and larger in Size than I have ever feen mnf 

Thing of the Kind ; 5, 6, or 7 Feet long, and 3 or 4, 

Inches thick : I heir quick tortuous and ferpentinc 

Motions are really amazing and llupendous ——Pray, what 
are thefe Creatuies in themielves, and how came you by 
them? 

Cleon. Thefe ere really a Species of finall Eels, or 
jfaguituU \ they are found very common in four Pa fie* 
or ftale Vinegar, and fome other Fluids, of which I (hall 
have the Pleafure to entertain you, one Day or other, wkfy 
the common Microfcope, when you will find that, not- 
withftanding the Appearance they now make by thefolar 
Microfcope, they are fcarcely viiible to the naked Eye | 
fuch Objedts of Miniature are the mighty Serpents you 
now fee.* 

* See Figure 8, in the Plate of Microfcopic Animalcolx, 
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Evpbrof. They are every Way wonderful, I find. 
- ■■What do you intend to furpnzc me with next, 

Cktn'uus f 

Citox. You will juftly admire the wonderful Mecha- 
nifm in the Eye of a Fly. 

Euphrof. A glorious Obje£t> indeed ! — the fined Piece 

of Lattice-work my Eyes have ever yet beheld: How 

grand and beautiful are the Works of Nature, and what 

frcat Variety in -the Structure of the fame Organ ! 
n toe Surface of this fmall Eye, I obferve Myriads of 
tbofe beautiful fix-fided Figures. Pray, CUon\cus % 

-what Purpofe do they ferve, in this vifual Organ, in the 
Yly? 

CUtn. We are not yet acquainted with the DeGgn of 
Nature in every Part of her Operation : But I (hall re- 
commend you to read the Conjedures of fome of the bed 
Naturalifts upon this particular Subjed, rather than give 
you my own Opinion concerning it *■* * Every Part 

of a Fly is equally wonderful, as you will ere long be 
fatisfied by the common Microfcope ; but they are not 
all equally proper Subjects for the folar Microfcope : But 
the Wings of moft Flies may be (hewn to great Advantage 
in this Inftrument, particularly thofe that are membranous 
and tranfparent ; nay, even the hard Wings of the Scarab 
Kind are fome of them, in the fmaller Species, moft ex- 
cellent Objefts for this Purpofe — See one of them fill the 
-whole Side of the Room. 

£upbnf. ' Is this, CUontcu^ the Wing of a fmall, 
contemptible Scarab ?— This is a fufficient In (lance, 
to prove how neceflary it 16 to apply the Inftruments of 
Art for giving us right Notions and juft Ideas of the 

Works of Nature. 1 think this is the richeft, and 

moft glorious Spedade I ever faw, and can fcarce help 
looking upon it as the Height of Nature's Fancy, in 
Point of Grandeur-, — it feems all an embroidered Ground 

of 
— — — 

* See the magnified Head and Eyes of a Bee, in a large Cop- 
per-plate Print, with fome Account of it. And in my Optical 
Essays you will find a Urge Account of the Nature of Vi- 
tro n in Int£CTsexplained in a Difleftion of the Eye of the 
LUtBm, or Dragon Fly. 
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of Gold, emboflal and ftudded with Diamonds, in fach 
beautiful and regular Squares of Cheques and Compart* 
ments, as nothing but an aftual View of fuch a high 
finiftied Piece could ever raife an Idea of. — Pray, how 
large may the Animal be- that is thus fo richly bedecked 
and adorned ? 

Citoji. This fmall Beetle you may hare often obferred 
crawling about upon rotten Wood, old Walls, &c. of 
fo diminutive a Size, as not to exceed one Tenth* or 
Two, of an Inch, and therefore efcaped. your Notice : 
But were thefe minute Creatures to become magnified at 
once, two thoufand Times in Length and Breadth, as is 
the Cafe of the Wing you now fee, what ftupendous 

Admiration would they excite in all Mankind ! The 

higheft Wifdom hath directed you to contemplate the 
Gaiety of the Lily, and other fine Flowers of the Gar* 
den, with a Remark, at the fame Time, that Solomon, 
in all his Glory, was not arrayed like orje of thefe. But 
if, as I faid, thofe Animals were to appear at large, we 
fhould find Nature much more profufe in the Richncfs 
of her Ornaments and Embellifhments to them 5 and that 
the Robes they are in veiled with, do far furpafs not only 
the Glory of Solomon, but all the Pomp and Grandeur 
that all the Courts in the World can afford in Works of 
Art. 

Eupbrof. I fbouM never be tired with feafting my Eyes 
with thefe delightful Scenes ; but I mud not detain yot^ 
too long in Particulars. What is the ne$t Obje& you 
intend (hall gratify my Curiofity? 

Clcon. It is what they cull the Exuvta, or call-off 

Skin of a Spider. See the wonderous Appearance on. 

the Sheet. 

Eupbrof. Prodigious ! nay, even (hocking : — What a 
hideous Apparition is this ! a Head three Feet long,— with 
8 Eyes as big as Saucers ; eight monftrous hairy Legs, 

as big as Mill-pofls : What Appearance mud fuch a 

•Spicier as this make, with every Part magnified two thou* 
fand Times in Length and Breadth, as 1 now fee it, alive 
and in Motion. 

Ciesn. Your Sex are generally intimidated enough 
with this Animal in its natural Size and Appearance.; 
but were a Spider, aa large as you now fee this, to drop 

from 
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from the Clouds in the Middle of Smithfield* on a Market- 
day, it would fcare not only the Ladies, but the But- 
chers themfelves, and find Oxen to feed on inftead of 
Flies. 

Eupbrvf, I don't know but that might be the Cafe, 
at I have known a Spider to have conquered an Ant, and 
devour it, though nearly as big as itfelf : Put enough of 
this tremendous Creature. What does your Microfcopc 
next difplay upon the Sheet ? 

CUcn. A Spedacle that will fill you with equal Amaze- 
ment and Delight.— See Rivulets of fluid Particles run- 
ning overall the Side of the Room. 

Mupbnf. What can this mean ? 1 guefs, by 

what I have heard you fay, that this is the Circulation 
of thie Blood in animal Veflels. — But what an incredible 
Number of Streams there are, and with what Velocity do 
they flow in every Dire&ion through the Scene ! — Pray t 
Cleonicus, what Part of the Animal is it that appears thus 
large and tranfparent, and in fuch a wonderful Degree of 
Motion ? 

Cfow. ^ It is the tranfparent Tail of a Water-Newt* 
which I judge to be the bed Subjeft of all for this Pur- 
pofe, and are found in every Pond of Water. The Tail 
of a Tad-pole will do nearly as well ; as alfo the tranf- 
parent Web and Toes in the Foot of a very fmall Frog * 
the Tail of that Filh wc call the Loach ; and many other 
Subjefts may be innocently applied for this Purpofe, with- 
out thofe cruel and inhuman Methods, pra&iled by Tome 
who appear to have more the Form, than the Rationality 
of Men*. 

Ewpbrtf. I abhor the Thoughts of Cruelty, in 
cverv Shape, and (hould rather be thought to have no 

Cnnofity, or Tafte at all, than a vicious One. 1 am 

thoroughly fenfible, by this Experiment, how the Blood 
flows through the Arteries to the extreme Parts, and from 
thence returns again by the Veins ; I fee the very Form 
and Size of the Particles of Blood : And therefore keep 
the Creature no longer in fuch a Condition, which, though 

it 



* The barbarous Practice of Jj/paimg a Frog *livt, to (hew 
the Circulation of the Blood in the Mefcntery, is here referred to. 
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it may give me much Pleafure, may be very uneafy to 
itfelf. — i now wait your following Exhibition. 

Cleon. Keep your Eye ftedfaft upon the Sheet, and 

iou will foon fee a common Animal appear in quite a new 
<ight. 

Eupbrof. This is a terrible Appearance* indeed >— 
What hideous Monfter do I fee?— How large his Head, 
Bis jointed Horns, its bulbous Eyes, and monftrout Lep 
and Claws, the Motions of which are very, terrible in 
Appearance : — I fufpeel, by the Form, that this frightful 

Creature is the Louse. But what is that red Spot I 

iee in the Forepart of its Body, attended with an odd Kind 
pf Motion ? 

Clttn. It is a living Loufe that you fee, and die Spot 
which you mention {hews the Place and Pulfation of the 
Heart; from which, you obferve a Motion of a vital 
Fluid through the middle Part of the Ab<kmtn> or large, 
hinder Part of the Body : But you fee nothing like the 
Circulation of the Blood in other larger Animals, bS 
diftinct Arteries and Veins. How the Circulation of d»^ 
Fluids are carried on in this, does not, even by this k>-~ 
ftruraent, appear 4 . 

Eupbrof Well ; an uglier Thing I fcarce ever fcw *' 
they are Obje&s of our Averfion in their natural miuu^^ 
State; but what an horrible AfpecT: they have now J 
I have viewed this Monfter long enough. Pray, 
Appearance does a Flea make ? 

CUon. I have one at Hand to (hew you.— There, 
fee it. 

Eupbrof. I do, furc enough :— It is as large as an O* 
—it feems to be a Creature covered with a Coat of Ma 
or TortoifheM, — its Appearance is rather uncouth tba 
formidable, and a good deal in the Shape of a Lobfie* ^** 

as you formerly told me : What an amazing Head ^A 

has, with a large black Eye. — But what is mod furprifc— ^*\ 
ing in the Structure of this Animal is, the peculiar an ^1? 
wonderful Form of its Leg9, by which one may eafily fcs-^ . 
how Nature has prepared it for moving in the Manner : !t 

doe^ - ^ $ - 

* See a Print and Defcription of the Loufe. 
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e*.— I can likewife perceive, in the Body of this Ani- 

il^ a Motion of the Fluids fomewhat like that in the 

»ate ••■—But now for another Objeft, CUonicus, if you 

rale. 

Cham. I fliall now entertain you with a few extraordi- 

y Views of the vegetable Kind. — Look at the Sheet, 

i tell me what you think you fee there, my £«- 



Bupbr 



impbrof. You have fuddcnly transformed the Scene ta 
newhat like a wonderful Sort of Stars, — fome of which 
l opake, others tranfparent j— they are perfectly round, 
d large as Cannon-Bails : — They are vaftly numerous, 
d make a delightful Appearance, truly. — Pray,, what 
a it be, of a vegetable Nature, that I fee ? 
CJ/tn. It is what the Botanilts call the Farina* or that 
bftf Matter which grows on the Apices in the Middle 

the Flowers, of which you fee great Quantities in the 
ulifV the Lily, and many others : But that which I 
ive in the Microfcope, is the Fariua of a Holyhock, 
id is found in all of the Mallow Kind ; for in every Plant 
' si different Species, thofe Particles have a peculiar Size 
id Form, as you may obferve at your Leifure in the com* 
on Microfcope. — Now caft your Eye again on the Sheet, 
id you will fee an Objeft that will give you Pleafure tQ 
cm it. 

Bpfbrtf. This is a curious Phenomenon indeed : » 

lib has, in Truth, the Appearance of Vegetation 
fclf:— How beautifully coloured, and regularly branched 

(id ramified in every Fart! Pray, what do you call 

its, CUmuui? 

Clum. It is a Species of a very fine Sea-Plant, or Co- 
dline, of which there are innumerable Kinds, and all 
uke the fame beautiful Appearance you now fee: for not 
nly the Earth, but the Sea is produ&tve of Vegetables* 
'kutta, and Trees of various Kinds and Sizes ; all which 
ffbrd the moil curious Objects for the Microfcope.— 
ktgain, you fee the Scene is changed, and another Part of 
t Vegetable ezpofed to your View. 



• Sec a Print and Defcription of the Flea. 
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Eupbrof. I think the Appearance of it very fine an^K 
delicate ; but what it is, I cannot conjecture, as I ne?e^T* 
remember to havefeen any Thing in a Plant of this curi- 
ous Texture* _ 

Cleon. It is a very thin tranfvcrfe Slice of the Pith o^E" 
Elder, and though we know fo little of the Ufe of thaK= 
Part of the Plant, yet you may be allured that fomething^^ 
very con fide r able depends upon fo elegant, and quite aak» 

geometrical Stru&ure. The next Objeft has a GmHa^c 

Appearance, but the Pores much fmallcr. 

Euphrof. Be this what it will, it is vaftly beautiful ; 
thePores, it is true, are much fmaller, and more nnmc 
rous, and therefore a more compact Subftance than the 
Pith ; but what Part of the Plant it can be, 1 am as mucL — i 
it a Lofs to gucfs as I was before. 

Clean. This is a very thin Piece of Cork, which yo 
know, is a vegetable Sundance, as it is the outer Part < 
the Bark of a Cork-Tr^e ; and though we cannot fo weL 
tell the Ufe of thefe Pores in Vegetation, yet, as the 
render Cork a foft and yielding Subftance, they make ■ 
a very fit Medium for many Ufes in Life, particular! 
for corking of Bottles, and fundry other Ufes for Fiflier 
men, fcfr. — Another Object well deferves your Notice 
Look upon the Sheet, and you will fee it. 

Euphrof I fee fomething in Appearance very reguls 
full of Holes of a larger and lefler Size, and difpofed in 
very beautiful Order : — But this, like all other Objef 
in this new View, becomes quite unknown to me, how 
ever common it may be to the vulgar Sight. 

Cleon. This, my Euphro!)ne % is the efTential Part of 
Plant, it is a very thin Slice of Oak, cut tranfverfely, 
as to render it quite tranfparent ; for, by this, it appear 
that the Body of a Plant confifts almoft entirely of lon^ 
hollow Tubes, or Veflels, the Orifices of which, wr«— - ** 
cut afunder, are what make that variegated Appearan ^cr^ 
of Ringlets of different Sizes upon the Sheet.— ^Thc^*^ 
of the largcft Sort are the Orifices of Air- Pipes, whicl^ ** 
that Syftem of Veflels which circulate the Air throu^^* 1 
the Body of a Plant ; and though fome of them app^^* 
now near a Foot in Diameter, yet, in themfelves, rf» ^X 
are fcarce vifible to the naked Eye. — The other Order ** 
fmallcr Orifices are thofe of the Sap- Vcffels, which cir<^ **~ 
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late the nutricious Juices of the Earth to all the Parts of 
tht Plant ; and it is thefe that make the very Subftanceof 
the Plant itfelf, and conftitute thofe cylindric Shells of 
Wood which appear in cutting the Tree afunder, each of 
which is the Produ£t of one Year's Growth: All which I 
fall more particularly difcourfe of, to youv at another 
Time.— At prefent, thefe Specimens mult fuffice for 
the Ufe of the folar Microfcope, and for giving you a 
juft Idea and Efteem for fuch an excellent Invention, 
and which exceed all others of the optical Kind. 

£upbnf. I am much obliged to you for the trouble I 
hawemen you, and for your Confinement £b long in a 
dark Room; and I (hall always look upon the Experi- 
ments of the Microfcope, and efpecially of this Sort, 
** the mod fublime and rational Amufements of my 
Lift. 



DIALOGUE IV* 

%~&£ Lefcription of a Microscopic Apparatus* 
<**$ing of a Single, Compound* and Solar 
Microscope together* 

CUonicut. 

j£\$ the Minds of Men are affefled with a Variety of 

different Sentiments, in regard to the Manher and 

*W in of Things defigned to anfwer the fame Purpofe, fo 

the Artift, in order to pleafe, is obliged to contrive his 

J^ftrtnaents of many different Forms and Stru&ures ; 

ft** hU Mechanifoft mull always vary with the fancies of 

^Jankindj and nothing appears to me a greater Inftance 

°* Providence, than that Variety arid Mutability which 

* e find in the Judgment and ele&ive Faculties of the 

Jjjj*nan Mind : For if all Men were to fancy the fame 

filing under the fitme Form, and conftantly to perfeverc 

"> their firft Choice, there would be but little Bufinefc for 

Men to be employed in, and the World would become a 

. ^ Scene, in Corhpariibn of what it now is. — I have 

weady laid before you the different Sorts of fingle, 

Vol, U. O com- 
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compound, and folar Microfcopes, at they are nfuattf 
conftrufted, and ibid feparately by themfdvcs, for the 
Gratification of thofc who ehufe to have them in that 
Manner :— But as fome People are fond of fiogk Struc- 
tores, and like to have every Thing by itfeif * fo others 
are pleafed with Composition, and cbufc to have as man} 
Purpofcs as poffibly can be anfwered by a Set of Inftrt*- 
mcnts in the leaft Compafs: And to oblige fuch Gentle- 
men, Opticians have found oat a Method of combin- 
ing the fingle, compound, and folar Mkrofeope toge- 
ther, in fuch a Manner, that they arc contained in much 
left Room, can be afforded at a left Price, and make * 
convenient microfcopic Apparatus in one portable Cafe; 
and to give you a diftinft View of the Inftraments tbwas 
•contrived, is propofed for the Employment of our prefer 
Hour. 

Eupbref. Notwithftanding you have been fo kind as to 
furnifh me with all the Inftruments under the Denomitx ^' 
tion of Microfcopes, yet I fhall be obliged to you iomr a 
View of that more compendious- Form of an Appanurr~u» 
you have now mentioned, and (hall gladly receive yo^ ^ r 
Inffruttions for the Ufe of it. 

Cleon. Yon fee, my Ehfhrojyne^ they are all contain 
in this Shagreen Cafe, and are only the efiential Parts 
the three different Kinds of Microfcopes, to be united_ 
Occafion requires. — Thus, the (ingle Microfcope is I 
which you have of the fourth Form, (Plate 44. Fig. 
on the upper Part of which (at L) you fcrew on 
Body of the double Microfcope, (Fig. 2.) by the los 
Part of the Snout (F:) Then, when the Objeftsare: 
plied in the Ivory Slider (H) on the Stage (G,) tl — mey 
may be viewed by any one of the fix Magnifiers c on- 
tained in the circular Piece of Brafs (K,) as they *f c 
fucceffively moved and placed under the central Hole—: in 
the Part (L,) fince the Stage (G) may be moved n e=» rer 
to, or farther from the Part (L) by Means of the Slid^Mftg* 
Apparatus (E F^ and the two Screws [a % b ) The ^—$>* 
je&s are illuminated by the refle&ing Mirror, (M) ro^EW' 
able on the Joint (N.) of a Piece of Brafs fixed to» the 
Pillar (C) of the Microfcope. And thus you f<* 

how eafily and readily you form a compound Microfi^ !* 
at Pleafurc. 
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- Eapbnf. It is with great Satisfa&ion that I obfcrvc it, 
tad whica I (hall frequently put in Pra&ice ; but, pray, 
CttmsaiT, could not the magnifying Glades be applied in 
a Slider, as they are in the fecond Form of (ingle Mi- 
crofcope*? (Plate XLI1I.) 

Cl*9*. Undoubtedly, they may But each Way 

is fo eafy and convenient, that it is hard to fay which is 
befl : But, as you have the Aiding Glafles already in the 
Microfcope of the 2d Form, I have chofe to give them 
you in the circular Plate in this. 

Eupbrof. Very good, CUmicus ; but how do you pro- 
ceed to apply this (ingle Microfcope to the CompoGtion 
of a (biar Microfcope ? 

C&t*. This is done with a great deal of Eafe ; for 
you have only to obferve, that on the external Part (A) 
of the Drawer (B) in the Tube (C) of the folar Microf- 
cope, there is a Screw ; and alfo in the Foot (A B) of 
the (ingle Microfcope there is a central Hole (O,) with 
the Threads of a Screw cut in it, the fame with thofe on 
the Part (A) in the folar Microfcope, and confequently 
the Drawer (A) may be readily fere wed into the Hole 
(O,) and thus the folar Microfcope is completed. 

Emtbrcf. I readily perceive it is ; for, when the Plate 
(G F) is fattened upon the Window-ftiut, the DifpoGtion 
of the (ingle Microfcope is horizontal •, and when the 
Speculum (M) is turned down upon the Pillar (C,) then 
the Rays of Light reflected from the Looking-glafe (H) 
without the Convex Lens at (D) they will, by its Re- 
fra&ion, be converged in fuch a Manner upon the Objefts 
in the Slider (H) as to illuminate them very (trongly, fo 
that their Images, formed by the GlaiTes in the Plate 

S[ 9 ) may be fufficicntly vifible in their various Degrees of 
agnitude on the oppofitc Side of the Room.' - T his 
is, indeed, a very fimple, and, at the fame Time, a very 
Artful and elegant Compofltion of optical Inflruments. 
3?ray» can any Thing further be expeftcd to aflift us in 
Viewing the Minutia of Nature, betides the Inflruments 
you have now defcribed ? 

Ck*n« I am greatly pleafed to find you inquifitive; 

many People t>f a lefs happy Difpofition would have 

thought I had harangued them full long enough on this 

SSubjcft : ■ ■ ■ But, as I have oiten told you, 1 am 

O 2 deter- 
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mined that nothing (hall efcape your Notice ' 

jferving of it, and is, at the fame Time, ii 

er to lay before you ; and therefore I (hall ber 

•ly you with other Ways and Means for viewing 

eels: 1 mean, by thofc Instruments we 

pcrly call catoptric Microfcopec, or fuch wher 
lion of Objects is effected by reflected Light 
u muft know, and I doubt not but you will then 
t Experience, that this is the mod exquifite am 
:c~t Kind of Vifion that Nature affords: For al 
'licrofcopes that we have hitherto been co:.temp 
he Nature of, confift of Lenfes only, and produce 
Effects by refracted Light; therefore the Vifion 
Dbject will be imperfect upon two Accounts ; the fi 
?ecaufe the regular Refraction of Rays will btobftr 
jy the Figure of the Glafs ; been u ft the Rays whi 
hrough one Part of the Glafs are not ref rafted pn 
o the fame Point with thofc which pafs through at 
Part ; and therefore every individual Point in the C 
:anr.ot be reprefented by a (ingle Point in the I magi 
will be, as it were, dilated into a fmall Space, and 
lequenily, the feveral Points of the Objc£k will b 
lufedly blended together in the Image ; therefore 
not be viewed by a Glafs that magnifies too much 
Ihould difecver the Imperfection of the Image, a 
derthe View difagreeable. 

Euprzj. You are now upon fuch a nice Sub 
what I have been lb little ufed to think of, that 
jtift comprehend your Meaning — I think, you 
Lhould understand, that unlcfs every Point of l! 
which fends t'oith Rays to the Glafs, could hav 
Hays collected into a fingle Point, the Vifio' 
sf that Foint cannot be dillinct and perfect.— 

Lltin. It is the very Idea I endeavoured 
but that is not to be absolutely effected by G) 
befides this, there is another, and (till grt 
imperfect Vifion by refracted Light, an' 
lifTerent Refrangibility of the Rays of cc 
:hat is to fay, the Rays of Light, procec 
"ame Point of an Object to the fame Pa 
vail fume of them be refracted to one Po 



GLE, CoMPOUND,and SOLAR MICROSCOPES. 
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and Com* to another: Or, in other Words, fome will 
he more, and others lefs refra&ed, and, consequently, 
the feveral Points of the Objed will be very much dilat- 
ed and confufed, in the fame Manner as I fa id before was 
occafioned by the Figure of the Glafs; but in a much 

higher Degree :— Nor is this the only Misfortune 

of refracted Vifion arifing from the Rays being different- 
ly refrangible ; for each particular Sort of Rays that are 
contained in a Beam of common Light, will, at the fame 
Time, aft differently upon the optic Nerve, and produce 
different Ideas of Colour, according to its different De- 
gree of Rcfrangibility; and therefore one and the fame 
Point of an Objed is not only, by Refraction, multi- 
plied, as it were, into many Points ; but is I ike wife di- 
▼crfcly coloured in each of thofe Points in the Image, 
rod, confequently, when the Image of any Objed, form- 
*l by thofe GlafTes, are viewed by a very deep Magnifier, 
titof will appear not only very indiftinft and distorted, 
tot varioufly coloured at the fame Time.— ——Upon all 
^nich Accounts it is eafy to obferve, that we can arrive at 
grater Powers of magnifying fmall Objefis by Cngle 
McTofcopcs, than by compound Ones ; becaufe, in the 
former, we view the Object itfelf, and in the latter its 

ittperfeel Image : But as one of thofe Caufes of 

the lmperfe&ion of Vifion is much lefs by refle&ed 
Irfght, and the other wholly avoided, it will, from thence, 
appear how much preferable a Catoptric Micro/cope is to a 
Dioptric One.— —But, that you may be apprized more 
thoroughly of this important Subjeft, whjch is the Foun- 
dation of the Theory, or Doftrinc of Colours -, I muft 
cake another Opportunity of inftruding you therein, by 
fuch Experiments as I make no doubt will afford you a 
very agreeable Entertainment, as well as give you a more 
accurate In fight into the Nature of Vifion, and the Per- 
fe£Uon of optical lnftrumcnts; efpecially that Part we call 
r f eJefcopes, the Nature of which cannot be well under- 
Stood without it. 
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DIALOGUE V. 

Of the Colours of natural Bodies, and of the 
Rain-Bows, illi'Jlratcd by Experiments of the 
Prism, &c. 

Euphrofyne. 

WHEN we lad converted together, yon raifed wf 
Expectation in regard to the Theory of Coloars. 
I think, you then told me, that the different Refran^ibi- 
lity of Rays was the Caufe of Colours in all the various 
Obje&s we view ; and that the Proof of this was cafyfor 
me to underftand, by Experiments: If this be fo, Clmi« 
tits, nothing will equal the Pleafure and Happincfs which 
the prefent Hour will afford me. 

CUm. You will find every Thing I have faid > relatiw 

to this Subjeft, to be true. As the Pride, Gaiety, and 

Beauty of Nature appears more in the rich Variety of 
Colours, than in any one Thing betides, and feem as if in- 
tended in a particular Manner to pleafure and adorn your 
Sex ; I know of nothing that can prove more a prvpn for 
a Lady's Study than the beautiful Do&rine of the Colours 
of Light, and which is more eafily attainable by Experi- 
ments of the Prifm. 

Euphrof. I have partly experienced already the Truth 

of what you now fay. You remember very well* 

when we were Children, how often we diverted ourfclvcs 
with the beautiful Colours that we obferved in the Prito 
that my Father had in his Study, and ho* often we de- 
lighted ourfelves with viewing the exquiilte Circles of 
coloured Light, which wc always obferved in thofe tbin 
Bubbles which we blowed up out of Soap-water with the 

Shaft of a Tobacco-pipe. 1 little thought then that 

thefc were bubjetls or fo curious and philosophical a Na- 
ture, as I new find they arc. — The wonderful Colours of 
the celeftial Bow, in like Manner, itiike every one's E^i 
but the Pnanomena of Colours, beautiful as they are, arc 
more general'}' the Subject of oV;.y>, than of the Undfi+ 
Jlanding. 
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Cfe*. All the World, as well as you, might have 

fad this before Sir lfaac Newton's Time; they all admired 

fa Variety of natural Tints and Coloun, but never uu- 

^erftood the Reafon of it; though many of the Philofo- 

pWs attempted to difcover the Caofc of Colours, and 

Particularly to account for the Rain-bow, no one was b 

h»ppy as to fucceed in that Enquiry, before Sir lfaac ; 

fcs great Sagacity in reafoning about natural Things, after 

Aehadobferved the Effe&s or the Prifm, and found that 

a Beam of Light was varioufly ref rafted through it, con- 

eluded, that this different Refrangibility o£ ifeayg was cer-» 

Mainly die Natural Caufe of Colours, as I obferved to you 

at our lift Interview. 

£uphrif. In what Marnier did he proceed to confirm 
**s Difcovcry ? 

Gjra. I will (hew you fome of his Experiments, in 
J* c darkened Room, with the Prifm, and then you will 
** better able to judge of this Matter. — For this Purpofe, 
J** 1 * have nothing to do but to clofe the Window-fliutterSt 
***naittitfgonIy a Beam of Light through the Hole, as the 
j~ u ** now Oiines very favourably for that Purpofe, and I 
£**e here an Apparatus to place the Prifm properly in that 
ISe *m of Light. 

Swtpkrrf. The Windows are clofed, as you direded, 
r55* the Bean v of Light darts through the Hole to a great 
irjftance on the Floor.— -—Where is now your Prifm, 

^^OCmji. I placed it in its proper Frame on the Table, to 

jr^^i^ethc Beam of Light, — and now you obferve how 

f^^Utifally that Beam is rcfra&ed into all its particular, 

**^* differently coloured Rays. 

^uphr$f. A very fine and wonderful Spedacle, indeed ! 

jTr fee the cylindric Beam of folar Light pafs into the 

ri /oi:— From thence, I obferve it proceed dilated and 

*J^5oufly coloured to the other Side of the Room, in Rays 

***Ch paint an amazing Spe&rum of Colours. 
j> C/r«it. This is the coloured Image of the Sun, by Re- 
J^^tion, thrown into that oblong Form :— But it requires 
1^ ** c better defined ; that you may view it more diftin&ly, 
R * to give you a better Idea thereof, 1 ihall make the 
y^T s paw through a Lens* applit* *» ^e. Hole of the 
^ittdowfliuttcr, and from tbc on a Look- 

O 4 ing 
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ing-glafs properly inclined on the Table, (hall depift the 
Sun's Image on the oppofite Side of the Wall* 
- . Eephrof. I fee it ; and an accurate beautiful Circle it 
is. 

Clutu I (hall now remove the Looking-glafs, and 
place the Prifm in its Stead, and you fee the circular Spot 
no longer continues^ but is now transformed, by Re- 
fraction, into the party-coloured Spe&rum, and is now 
truly and nicely defined in the Focus of the Lens.' 
This Speftwmnis dill of the fame Breadth with the Sun's 
circular Imagi jU-it is only dilated in Length* and is cir- 
cular at TopWl at Bottom* 

Euphrof. Thofe Particulars evidently appear, — I have 
been endeavouring to count the Number of different Co- 
lours, and think 1 can count five pretty diflin£t]y ;— for 
all the lower Part appears of a Red, gradually declining, 
into a Yellow, — to the Yellow fucceedsan intcnfe Greer* -» 
▼—above that a bright and lovely Blue, and, on the up—* 
per Part of all, a loft, but glorious Mazarine, or violet A - 
Colour. — rr— —I never law Colours in fuch Pcrfcfiio-^^ 
before. 

CUcn. The Reafon is, becaufe you never fee them i^^ * 
fo fimple a State as now ; for the Rays of Light are gene— ~*^* 
rally blended, more or kfs, by Refraction and Refleftior^ ", 
from natural Bodies, and therefore produce Colours lefi^- * ^ 
bright, lefs diftincfc and perfeft, than what you now be- — *rT* 

hold* Sir Ijaac, in his more accurate Expeii-^— *"] 

ments, could plainly difcover feven different Sons of Co- — ^ J \ 
lours, viz. red, vange , yellow , green % blue, indigi, aiid ^-^^ 
wht % and that each Colour gradually degenerated into 

the fucceeding. The Spaces which thefe Colours feve- 

rally occupied in the Image were nearly equal to the Inter- 
vals of a Monochord, when divided fo as to found the fe? 
ven natural Notes of Mufic ;— and as there were plainly 
feven different Colours of Light, fo he reckoned feven 
different Degrees in the Refraqgibility of Rays. 

Eup/mf. But what would be the Confequcnce of re- 
ceiving any Part of this cpjoured Light by another Prifm ? 
Should we not obferve that Light to be again differently 
refra&ed, and producing a new, and different Order 
of Colouis, from what we now fee bj the firft JUfraf: 
fion? 
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CJm* One might imagine that it would be fo, but 
c find the contrary by fcxperiment ; — for by a Lent of 
a Shorter Focus, together with a Piifm, 1 will (hew you 
*he coloured Image, on a Screen, placed in the Middle 
of the Room, fufficiently large to receive the Whole \ and 
in the~Screen -there is a round Hole, through which the 
Rays of any Colour may pafs, by removing the Screen up 
and down upon the Stand.-*— — 1 hus, for Inftance, I 
Place the Hole againft the blue- coloured Part of the 
Image, (b that none but the blue Rays go through it, — and 
then you obferve, on the oppotire Side of the Room, thofe 
blue Rays, after they pafs the Prifm, make only a blue 
I/na^c,— that they are refra&ed, is true, from the Direc- 
tion of the incident Rays ; but they are not dilated, or 
Separated into different Sorts, as by the firft Prifm the com- 
mon Beam of Light was : — The fame will be the Cafe 
*hen I move the Hole of the Screen to the yellow Rays ;— 
for now, you fee thofe Rays, falling on the fecond Prifm, 
ar e rcfra&ed to the Side of the Room, and there make a 

yellow Spot only, of nearly a circular Form. - 

And this I might (hew of all the reft. 

£itpkr*f. Thefe Experiments feem to be curious, and 
**quifitely decifive : I plainly learn from hence, that the 
5 a y» of the Sun's Light are the Grounds, or natural 
*-*ufc of ColourB, and that they are very differently 

^frangible . — But how comes it to pafs, Cieonic*$ % 

***** we fee Bodies varioufly coloured in Confequence 
°/" this? By looking in a Prifm, we fee all Bodies va- 
■"■oufly coloured ; but in Glaffes, or tranfparent Bodies 
of other Forms, we fee them in their own proper Colours 
°«ly. 
. Cfojr. The Reafon of this is founded in a Phyfico~ma-> 
^^UttMCal Theory of Refra&ion, • refulting from the two 

bicit-s 
■ ■ j 1 1 ■■ 1 

. * Which fee 10 our Inftitutions rf Dioptrics.* .»\i. 

™ r farther 1 II u ft ration of this Subjeft, we have added a L 
•jJ^PUic Print (ff/'s Plate XL V) in which the Exf>> ;.:.<... 
•■ote mentioned are feverally reprcfented, by Beat. * <>\ L\~ 
fating the dark Room thro* optic GUflei, and : ;<,;"u- 

wio* p r if miy j n t he Manner at dm dcicribed ; 1^ ; "-i.tr . 

•Pprebend, nothing father * ' Expln 

to UpOno, * 



Jaiuikc 
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Sides of a Prifm being inclined to each other; but in zo~ 
other tranfparent Body, whofe Sides are parallel, or nestr- 
lyfo, whatever Alteration was made by Refia£tion at tb« 
hrft Surface, is revcrfed by the fecond, and confequentlyj 
the rcfraftcd Rays are in the fame State with the incideiic 
ones, and, therefore, make no Alteration in the Appear* 
ance of Bodies in any refpeft. But here we tnuft ex- 
cept the Figure of a Globe; for the two oppofue Sides of 
a Globe nraft be confidered, not as parallel, but inclined, 
and therefore will produce a Refradion of Rays in the 
very fame Manner with the Prifm. If Rays of Light 
fall on the Surface of a Clafs Sphere filled with Water, 
they will be refracted to the other Side, and there {hew a 
coloured Spot of r drafted Light ; from this Part the 
Rays will be reflected to another Part of the lower Sur- 
face, and there be refra&ed a fecond Time into the Air f 
and dilated into all the different coloured Rays ; fo that if 
a Perfon's Eye was placed wider fuch a Globe, to receive 
the Rays after a fecond Refraction, he would obfervcaD 
the different Colours appear in that Globe. 

Eupbrof. I (houM be glad, met h ink, if not too 
much Trouble, Ciionicus^ to fee this illuftrated by Ex- 
periment ; for bare Dcfcription conveys not fo clear an 
Idea. 

Cti9n. I was fully aware of (hat, and therefore have 
provided, for you, a Globe filled with Water, and 
which I (hall fufpend in a Sun-beam, at fuch a Height 
that you may eafily obferve the Phaenomenon that 1 men- 
tion. — See, there it hangs ; — and receiving the Light on 
the upper Fart, refra&s it from the lower into all its dif- 
ferent coloured Rays, and thereby making a Circle of co- 
loured Light on the Floor, very much refernbling the 
Rain- bow. 

Euphrof. There are, indeed, all the Colours of the 
Bow i and a glorious Phenomenon it is. 

Clcon. It will now be eafy for you to obferve, that if 
you place yourfelf in fuch a Manner, refpe&ing the Globe, 
that the Rays of Light of different Colours may fucceC* 
fively fall upon the Eye, then thofe different Colours wilt 
all appear in the Globe, which before made the variegated 
Arch upon the Floor. 
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t^Pbrrt I will place myfelf as you direft — ——And 
n0V» as I more my Eye, I fee the feveral Colours, fac- 
eted c^cii other in the fame Part of the Globe, agreeably 

to what you have faid. 1 fuppofe it is from hence 

&*t you are a u c to explain the feveral Colours of the 

Gj*0«. By this Experiment you underftand the Reafon 
rf that Part of the Iris, or Bow, which contains the 
Circle of ftrongeft Colours, and which we emphatically 
v^lhtRiiMhkow; for if this Globe of Water was placed 
jjjjfc in the Heavens, it is very evident that the Sun- 
beans would be there refra&ed thro* it, as they are here ; 
■^dthen, fuppofe your Back was turned to the Sun, as it 
no * is, then your Eye, remaining fixed, would perceive 
jtaly one Colour, fuppofe that to be the fir ft or red co- 
loured Ray ; then, fincc the Orange is refratted 

* little above the Eye, if the Globe was to defcend 
jftitmgh a little Space it would caufe that orange Ray to 
**H upon the Eye ; by defcending a little lower, the 

JjUow Ray comes upon the Eye; and fuppofing the 

^*lobe to continue defcending, the Green, and Blue, the 
'odico, and Violet, will fucceffivcly pafs over the Eye, 
*nd confequently you will obferve, in the different Part* 
9*" the Heavens through which the Globe defcends, the 
*J**x*itnt Colours of its feveral refra&ed Rays refpettive- 
*y $»■ and therefore, fince in a Cloud, on which the 
8 ***i can Biinc, the Globules of Water will each of them 
re *ra& the Light in the fame Manner this larger Globe 
J*°es, and confequently fome of thofe Globules will be 
*** thatPofition that will caufe the red Rays to fall upon 

the Eye, others, next to them below, will fend forth 

©range coloured Rays to the Eye; the Drops next 

^t&m will caft a yellow Ray to the Eye, and thofe 

facceffively in order below them will refraft the blue, in- 

*ico, and violet coloured Rays to the Eye ; and 

*koi, in a certain Space in the Cloud, all the Colours will 
ffipewj- a nd fince, under the fame Angle, the 

~&« Phenomena will be produced, therefore a Circle of 
*kh various coloured Light mud neceflarily be produced 
'Cloud. 

**fm I think, I pretty clearly apprehend you, for 
"*? of the bnghteft Bow ; but there is one which 

ws 
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we commonly call the Water-Gall* which is a fainter 
Circle of Colours in a fuperior Situation to the other.— 
Can you give me any Idea, CUonicus* how this comes to 
pafs ? 

Clean. I will endeavour at it, my Euphrofont. ■ In 
order to this, you mud underftand, that the Rays of the 
Sun in this Cafe fall upon the Globe in the lower Part, 
from whence they are refra&ed to a Part behind in the 
lower Hemifphere ; from thence, after two Reflec- 
tions, they are thrown to the fore Part of the Globe, at 
fome Diftance above the incident Rays ;—— -laftly, from 
this Part they are refraded out of the Globe in all their 
different coloured Species to the Eye :— — and this I 
Jhall (hew you by Experiment ; for now I will direct the 

Beam to the lower Part of the Globe ; ——then you 

fee plainly the coloured Spot behind, to which it is re- 
frafted, then calling your Eye on the upper Part you fee 

the Point to which the Beam is refleifted ; from 

whence it is a fecond Time reflected to the fore Part of 

the Globe ; and from thence, you fee it a fecond 

Time refrafted out of the Globe into the Air, and the 
Beam thereby diflipated into all its different coloured 

Rays : And now you plainly fee, by the Colours on the 

Floor, as well as from the Reafon of the Thing, that the 
feveral Rays in the Beam lie in a different Order from 
what they did when refrafted from the Globe before ; 
fox there the upper Part was violet and the under Part 
red ; whereas, in the prefent Cafe you obferve the red 
Rays are the upper Part of the Beam, and thofc of the 

violet Colour in the lowed Part. Therefore, the 

two Bows in the Heavens muft neceffarily appear with 
their Colours inverted \ and, laftly, you will un- 
derftand, that as in the prefent Cafe there are two Reflec- 
tions of Light in the Drop, and in the former Cafe but 
one Reflection, nnd that a confiderable Quantity of Light 
is loft at each Refleclion, therefore the refradted Beam 
vrill have lef* Light, and the Colours, of courfe, will be 
ino.e dilute and faint, which you always obferve to be the 
Cite of the fuperior Bow. 

Ef phrof. I can partly fee, from all that you have faid f 
•he general Reafon of both the Bows ; — and I could almoft 
wiili, that inftead of fo fine a Day, it had happened to, 

have 
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have been a ftormy, or a rainy one, that I might have 
fcen the Bows juft now in the Heavens, while the Thing 
is frefli iu my Mind. This Ledure is moft proper 

in the Spring Seafon, when April Showers fo frequently 
prefent us with this Experiment, at large, in the (able 
Clouds. 

CUon. You ftill have your Wifh, my Euphrefyru, in 

every Sun-fliiny Day. For here you fee a beautiful 

Inftrument, which is called an artificial Fountain, 
with a various Apparatus for making different Kinds of 
Jet <TEaus; amongft which, one is particularly deGgned 
to throw up many fine Streams of Water to a great 
Height, which, as they fpread very wide, mix and blend 
together in their upper Part, and form a beautiful Shower 
of artificial Rain ; and, therefore, when I fet this Foun- 
tain in the Sun, and let it play, if you put yourfelf in a 
proper Pofition, you will fee, in the defcending Drops of 
the Shower, the fame Appearance of refracted Light, and, 
confequently, the two Bows formed in the fame Manner 
as in a natural Shower. 

Euphrpf. Such an Experiment will give me great En- 
tertainment j but you mud tell me in what Situation I 
mud put myfclf, in order to view it. 

CU$n. This you will know by only confidering, that 
the Rays go into, and come out of the Drop on that Part 
of it which is next the Sun ; and therefore, that the im- 
merging Rays may fall upon your Eye, your Face muft 
be directed to the Shower, and, confequentlv, your Back 

to the Sun. Therefore, when you fee the Fountain 

playing, you move one Way or other, 'till your Shadow 
points direcUy to it, and then you will obferve the cu- 
rious Appearance of the Bows. See, now the Fountain 

plays. 

Eypbrof. It makes a natural, and large Shower, in- 
deed. My Shadow dirccls me to the proper Pofition : 

——And now I truly fee all that I could wifh for The 
Colours of the Rainbow, very ftrong and vivid — thofe of 
the Water-gall, languid and faint — The Colours of each 

in an inverted Order. But what furprizes me moft of 

all, Cttonicu$ % is that when 1 know this artificial Shower is 
fo near mc, the Bows appear, notwithftanding that, as far 
off, and as large as thofc that we really fee in the natural 
Showers of Rain. 
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CUtn. The Kcafoti of the* is, becanfe the Sky i* 
apparent Place of all Thing* that we obfenrc in the Air ; 
there the Moon appears as well as the Stars, and there 
the //4s& appears about the Moon, though formed in the 

thick Fog of the Aunufphcrc, near the' Eye. By the 

Laws of Optics thefe Thing* muft be fo ; ami you fee die 
two Bows, that are uat above y> Feet from you, and, hi 
ibemfelve*, very (mall* extend to raft Dimcafiun*, am) 
Di'hnce in the Heavens, 

B*fbr*f 1 don't know that I eter faw an Experiment 
which afforded me greater Plcafurc, and, in its own Na- 
ture, fo curious and (ublinic — What a wonderful 

Scenery of Nature is hrre difptsyed I Surely the Dodirinc 
t>r Colours t* highly worthy of emy Pbrfon's Cotitcm- 
plation. 

G*m. And yet* when wc conitder tb.it though thofe 
vartaflf Beauties of Nature are the common Objects of 
Virion'* bow few there are that uudailand the Reafon of 
them* and how much fewer (till are any Ways anxious 
about ic| it moft appear a wonderful Thing to every ra- 
tional Man.— Not only the Ladies, but Gentlemen lore 
to fee themfclvc* rendered amfpicuotts by Garment* and 
Habits of different Colours and Dyes i but if thofe 
Colours are deemed fo great an Ornament to the Pcrfou, 
bow much more will the Knowledge of the natural 
Caufesof them adorn and become the rcafonablc Mind* 
—If this be ucglctied, the PtAati has a much belief 
Claim to Pride* from the Decorations of Nature, than 
any of the human Species* whofe Colours are, at beft, 
but mist and imperfect, \* hen compared with the genuine 
and iimplc Colours, intenfely heightened in the Plumage 
of that (lately Bird. 

Euphnf I mu ft confrfs, though I have no Aver flan 
to moderate Gaiety and Drcfs, yet tlic Rathnatt of the 
Colours 1 wear give me a Satisfaction and Plcafure of a 
much higher Kind ; for now* I not only put on a n 
yikxVy or the Riltfon, but they gire mc Occalion, at ibe 
fame Time, to reflect on the Keafon why they arc fucb, 
and thereby double my Plcafure in the Ufe of them.— 
For I obferved, while you were (hewing mc the Experi- 
ments of the Prifm in the dark Room, that whatever 
Object was placed in the itfra&cd Beam of coloured 

LigbH 
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frg^*» appeared constantly* of the Colour of thole Rays 
to *^**U upon it, becaufe thofe Rayi were alone reflected 
OUT^^yc ; and, therefore, in regard to any Colours in 
^S^^ 1 ^7 Reflexion or Refraction, I am taught, fay 
Jr^ Experiments, to nnderftand, that they proceed «niy 
^*^ fuch or fucb particular Sort of Rays, as are reflected 

graded to the Eye. 
trw^**' ^ ou a PP rencn d r ^ ,s Affair very happily ; the 
r n E 7 0U mcnt -* on comprehends near the whole Rationale 

*** the Doctrine of Colours When Objects refteS or 

*tfia& the Rays fingly, they muft neceflarily appear of 

^Je Colour proper to thofe Rays ;— but lame Sorts 

*>f Matter will reflect one Sort of Rays and refract 
another ; and therefore appear of one Colour by Reflec- 
tion, and another by Refraction ; thus, for Inftancc, 
Leaf-gold reflects the yellow-making Rays, and there- 
fore yellow is its common Colour, but it tranfmits the 
green and the blue Rays, and therefore appears of an 

*xaro Col$wr % by refracted Light. Such Bodies as 

throw up all the Rays promifcuoufly muft appear white % 
which is the natural Colour of the Sun's Light, where 
all the different coloured Rays are uniformly blended to- 

Either; On the other Hand, fuch Bodies as im- 

be all the Light, and reflect little or none, appear of a 
dark, or black Colour, if I may fo fpeak, for in Strict- 
neb of Speech, Blacknefs is the Abfence of all Colour, 

rather than a Colour itfelf .— — — Lailly, as two pr 

more different coloured Rays are reflected and refracted 
from Bodies they will exhibit a compound or motley Co- 
lour, and thus all Variety of Colours in Bodies may be 
readily accounted for by the different Refrangibility and 
Reflcdbility of Light. But 1 muft recommend to 

your PeruUl fixnc eafy Treatife on this Subject, which 
will farther enlarge your Ideas and Notion of the Doc- 
trine of Light and Colours ; the principal of which is Sir 
IJaac Navtcn's 1 Treatife of Optics. * 



* The Reader nay alfo pleafe to perufe our Infiituuom of 
Dioptrics, efpecially the popular Part ; alfo Chap. VII. on 
the Subject of prifmatic Colours, p. i40t— - And farther, for 

illuf- 
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- Eupbrof. Well ; I have pretty well tired you for tk i<* 
Time ; I (hall perufe that great Author's Book, and (hi** 
not be a little proud if there be any Thiog in his Writing* 
that I can pretend to underftand. — Pray, Cle$niau 3 vb**£ 
is to be the SubjeQ of our next philofophicat Conference 7 
Clean. By the prefent Experiments and Difcourfc, K 
have endeavoured to prepare you for understanding th^^ 
Dodrine and Rationale of Telefcopcs, the different 
Forms, Conftru&ion, and Ufes of which I (hall difcoodfe 
of to you as Opportunity will permit, and which, X 
make no Doubt, will prove Subjects of agreeable Enter- 
tainment* 



DIALOGUE VI. 

On the Original ^Telescopes; and their gener*- 
Nature, Kinds, and Uses explained. 

Eupbrofynt. 

XlfELL, ChonkuS) here is an illuttrious Appeara* 1 ^^ 
v * of various Kinds of Inftruments, moft certainly " 
pray, are they all of that Kind you call Telefcopes ? 

Cicon. They are, my Eupbrofyne> but of different $£> rt 
and Forms. 

Eupbrof. Pray, what is properly imported by *** 
Word TVlefcope? for I obferve it is a general Name £^ 
Inftruments of many different Sorts. ■« 

Clron. The Word Telefcope is of Greek Original, ****V 
fignifies an Inftrument intended to pe*feft the Sigbu t^j? 
is to fav, to improve and perfeft the Sight of any Objc^^^ 



■-■ — n ; ■ — ^ 

UJuftration of the foregoing Doctrine of the Rain-bow, **£^ 
iiave added a Copper-pUte (Numb. XLV1 ) co render vifit**^. 
to the Eye the Manner in which the Beam of Light enters ***^^ 
Drop, is reflected in it, and refracted from it, in the T*V*^ 
Kxperimcnti for (hewing the Colours of each Bow, refp^^ 
tively; and which, wc fuppofe, can need no other Erplad* 
tion than bare Infpeclion. 

o 
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wtock the Eye alone is not fitted to difcern i thefe I have 

<wcrnd to be fuch as are exceeding fmall, and others 

which are very remote i for the Limits of natural Vifion, 

*$■ ooone Hand, the Diftance of about fix or levca 

Wkeifrom the Eye; and, on the other, an Angle of 

■but one Minute of a Degree ; unleft diliant ObjcSs 

*« fcto under an Angle greater than that, they cannot be 

dftindly viewed by the Eye ; and though the Word Tile* 

Jfah i* general, and comprehends ail GLiflcs that tend to 

improve Vifion, yet Cuftom has retrained it to mean that 

Particular Sort only, which relates to diftane Objects ; fp 

that, by a Telescope is ufually fignified an Inftrument 

that perfeas the View of diftant Objeaa. 

Eotfhrof It the Invention df Telcicopes of ancient or 
Utodcra Date ? 

Clem* It is certain that it is not of very ancient Date ; 
the famous Roger Bacon, before the Year 1300, was the 
firft chat wc find making any particular Mention of in- 
ftnunents for magnifying fmall Objects, or making very 
1 emote Obje&a appear plainly to the View ; and it is 
*orth while for you to be acquainted with fome of his 

upreflions, to this Purpofe, which are as follow : for 

*w Lenfesand Speculum* may be figured, that one Objeft may 

oe multiplied into many, that thofe which are pojited at a 

peat Dijiance, may be made to appear very near • — that thofe 
«A»c6 are fmall may be made to appear very large, and thofe 

*Aitb art cbfnre to appear very plain ; and we can make 

b*il$ appear where we will — — One would think, from 
fixh Idod of Expreflions as thefe, and other Tra&s which 
fa* wrote upon the Subject of Vifion, that this Author 
nod have been well acquainted with the Nature, Con- 
tortion, and Ufe of Telefcopes, and all the Glafles 
*hichcompofe them. But our modern Critics in Optics 
fay Wm not only the Invention, but even the Know- 
Jcdge of any fuch Conftru&ion as we at prefent call 
Tdefcopcs. 

&fbrof. I cannot fay but I ftiould at once have con- 

Awkd that Roger Bacon, by his Manner of f pea king, had 

j**n an excellent Optician ; but if he was not, can you 

Cleoniatu who was the Author of fo ufeful ?9 

ml 

It. fc P 
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' Clem. I do not wonder to find you fo rcry particular 
i:i (inquiring after the Inventor of fo excellent an Inftru* 
meut. - The great Hugenius fays, That in bis Opi- 

nion, the Wit and Indujiry of Man has n.t produced onj 
Thing jo noble y and jo wa'tfy of bis Faculties as this Sort if 
Knowledge y (viz. of the Teiejcope) ; injomutb y that if any 
particular Per fen bad been fo diigent and fugacious as to in- 
vent this In/it ument from the Principles of Nature and 
Geimetry, for my Pan, I Jhould have thought bis Abilities 
were more than human \ but the Cafe is fo far from this 9 tbot 
the moft learned Men have not yet been able fufficientljto 
explain the Reafon of the Effects of this cafual lnvtntim.— 
This Author farther adds, that though the Invention 
of this Inftrument was certainly cafual, yet Ja me i Moetiuiy 
a Dutchman, is fuppofed to be the fir ft Inventor ; but, 
fa id he, to my certain Knowledge, Telefcopes were made 
before his Time, viz. about the Year 1609, at Middlebwg 9 
in Zealand, either by * John Lipperfheim, or Zacbarj 
Janfen\ notwith (landing this, it is certain, that Bsptifla 
Porta, in his Book of natural Magic, feveral Years be* 
fore, had delivered fome Sketches of the Art of making 
Telefcopes ; but what he had done in that Way was 
merely accidental, and not the J'.flvdt of any Skill in 

Dioptrics. Alter the Fame of the Dut^b Telefcopes 

began to ipread abroad, it foon 1 cached the Ear of the 
famous Galileo^ who being a confide! able Mathematician* 
fet about improving the rude Forms oi" the firft: Inventois, 
and foon made their, in that Perfection that he, the firft of 
Men, difcovered the Satellites of Jupiter by one 
of his own making, and after that i ime they became 
common, and foon made their Way into every Corner of 
the hrifrntd Woild. 

Eufhrof By the Accounts you have now given, who- 
ever .might, at tirlt, -caiually hit upon the (Jouftru&ion of 
what you call Telefcopes, yet it appears, that G a tile* was 
the firlt who improved it inro any of the Forms now in 
•ufe. Pray, ha\e you any Telefcopes, of the original 
-Conll ruction, by this famous J f tali an P 



# There are two%ltgant Prints of tbefe two Inventors of the 
Telcfcope, from the Paintings of Berckman, in which their 
>Namt& are Zacharias Jansln, and Hans Lipfkrhey. 
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Clcsn. Wc have one of the Form he firft contrived, 
and it is the moil fimple, as well as (he moil riiiiinct qf 

all others, and, to this Day, is called Galileo's Tele- 

fcope; of which 1 fhall, by and by, give you a more par- 
ticular Account of its icveral Parts: But as, this is 
fuch an interceding and curious Point, I cannot but think 
you will be pieaied, if I give you an Account, in his 
own Words, of his Improvement of this Invention, 
which he publiQied in his Book entitled, Nunc* us Stdereus 9 

in March -, 1710, as follows: vC Near ten Months 

ago it was reported, that a cerrain Dutchman had made a 
Perfpechve, through which msmy diftant Objedts appeared 
diftinclaa if they were near; feveral Experiments were 
reported of this wonderful Efteft, which fome believed, 
and others denied; but having had it confirmed to me a 
few Days after, by a Letter from the noble James Ba- 
dev*re 9 at Paris y 1 applied myfelf to confider the Reafon 
of it, and by what Means I might contrive a like Inftru- 
ment, which I attained to, foon after, by the Do&rine 
of Refractions : and, firft, I prepared a leaden Tube, in 
whofe Extremities I fitted two bpeftacle-glaffes, both of 
them plain on one Side, and on the other Side one of 
them fpherically convex, and the other concave. Then, 
.applying my Eye to the concave, I faw Objects appear 
pretty large, and pretty near mc; they appeared three 
Times nearer, and nine Times larger, in Surface, than 
Co the naked Eye : And foon after, 1 made another which 
reprefented Objects above fixty limes larger; and, at 
Jaft, having fpared no Labour nor Ex pence, I made an 
Inftrument fo excellent as to (hew Things almoft a thou- 
fand Times larger, and above thirty Times nearer, than 

to the naked Eye." —And in another Part of his 

"Writines he tells us, that f< He was at Venice when 

he heard of th; Efft£U of Prince Maurice's Inftrument, 
but nothing of its Conftru&icn ; that the firft Night af- 
ter he returned to Padua he folved the Problem, and 
made his Inftrument the next Day ; and^foon after, pre- 
sented if to the Doge at. / > W«,.\'fho'/t6'do him Honour 
for hia grand Invention, gave bim ; -the., ducal Letters, 
- which fettled him, for Life, in his Le£Uii«ihip-at Padun y 
and doubled his Salary, which then ■ became treble of 
what any of his PredeceiTors had enjoyedbefore." . . 

P 2 
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Euphnf. 1 do not wonder to find that this celebrated 
Man met with fuch Honours and Preferments, from that 
great Patron of Learning, for his perfecting and redac- 
ing to Practice fo excellent a Difcovery :■ ■ ■■ But I 
long to be informed of the Nature and Structure of , his 
Tclefcope. 

Clem. It will be neceflary to begin with that ; fincc, 
»s I informed you before, it is the moil fimple Structure 
of this Kind of Inftruments— — But, that you may 
be apprized of the Rational* of a Telefcope in general, 
it mull be confidered, that the Defign of fuch an Inftru- 
ment is to enlarge the optic Angle, under which diftant 
Objects appear \ fo that by that Means they might be ren- 
dered more perfectly vifible, or diftinct to the Eye.— 
This is done by forming the Image of a diftant Objeft 
in the Focus of an optic Glafs,— and then by viewing 
that Image by another Angle Glafs, or Lens, of a fhort 
focal Di ft a nee. 

Euprof You will be a little more particular in explain- 
ing this Matter, before I can readily apprehend you. 

Cleon. I intend fo to be ; for neither you, cor any one 
can be fuppofed to underftand the Effect of a Tclefcope 

in a Word or two: Therefore, you will recoiled 

that in the Focus of any convex Lens (from the Expe- 
riments I formerly (hewed you) the Image of every Ob- 
ject is formed — and that that image fubten ds the fame 
Angle at the Center of the Glafs, as the Object irfelf 
does ; that is to fay, in other Words, the Object and its 
Image are both (ecn under the fame, or equal Angles, bf 
the Eye placed at the Center of the Glafs. — In the next 
Place, you are to obferve, that as the Image of an Objeft 
is in every refpedt an exact Picture, or Reprefentative of 
that Object, it will follow, that the fame Idea is formed 
in the Mind, of the Nature, Form, Magnitude, Colour, 
tffc of the Object, whether the Eye at the Center of the 
Glafs views the Object itfelf, or the Image thereof in its 
Focus. - ■ — ■ - F arther, you will remember, that any Ob- 
ject, placed in the Focus of a Glafs, will appear very 
diftinctly through it, as the Rays proceeding from the 
Object to the Glafs are, by Refraction through it, rcn- 
deted parallel to the Eye, which is a neceflary Condition 

for diftinct Vifion. Therefore, if an optic Lens of 

the 
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the oomx Form, and of a fliort focal Diftance, he ap- 
plied to view the Image before mentioned, you will eafily 
uoderihnd, ihat then that Image will appear diftin£Uy ; 
and, confequemly, the Objeft itfclf will be thereby 
flievn diliincr. in all its Parts; and fo much the mere fc, 
vibe Differences between the focal Diftance of the two 
lenfes it greater, within a limited Degree. — —And 
therefore, lattly, as the fame Image is nearer to one Lens 
linn the other, it will of Courie fubtend a larger Angle 
it the neareft Lens, and therefore will, through it, be 
feen larger than through the other ; and confequentry the 
Imige, and, of Courie, the Object will be thereby 
magnified in Proponion. Therefore the common Rule 
for tftimating the magnifying Power of Telefcopes coIn 
AncbJ with two Lenfes, is the Ratio cf their focal Djjlama 
nfoaiwfy. 

&tpbr$f, I have a better Notion than I had of the Ufe 
and magnifying Power of a Telefcope ; but I am perfuad- 
°*» if you could exemplify what you have faid by an Ex* 
jwrioieot, it would (till render the Nature of that Inftru- 
■*« more cafy to be conceived. 

Otau That I can eafily do, in the following Manner : 
|r-Here is a Telefcope with two Lenfes ; that which is 
* 4e great End is called the Object Ltns % as being next 
fcObjerl when we view it \ the other is called the Eyt- 
tfyh n being within a final! Diftance of the End to which 

the Eye is applied in ufing the Telefcope: *The 

UtjeQ Lens 1 take out of the Telefcope, and fix it in a 
kuptric Bail and Soittt, placed firmly over a Hole in the 
Wiodow-fhut, made for that Purpofe, and then putting 
the Window-fti utters together, the Room is made dark. 



* The Experiment of the Scioptric Ball andGUJisin 
tW Camera Qbjcurm % is one of the moll delightful in Optics. 
and those who have feen it, will readily underftand all that is 
here laid concerning the Nature and Efte&s of a Telefcope : 
They who have not feen it, have it in their Power to purchafe 
the Instrument at a fmall Price, and to try the Experiments 
withoatany Trouble ; but they who have not Curiofity enough 
to do this, are defervedly excluded from participating in thofe 
Pleafaret, which are the mod exquifite that Nature affords, 
aad place os at the greater* Diftance from the Brute Creation* 
■ P 3 aod 
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and you fee nothing but what conies through the Glad 

by Rays of Light from without A large, moveable 

Paper-fcreen, upon a Stand, is provided, and which I 
now place at the focal Difiance of the Glafs from the 

Window, which is in this G'afs but 3 Kcet: Upon 

this Screen, you cbferve, there is inibntly formed a beau- 
tiful Landfchape of all the diftant Scene* or natural Objeds 
without. 

Euphrof. Indeed. I do ; and a finer Picture wasfurd? 

•never feen.«— What wondrous Painting is this !— — 

-J fee the diiiant Fields and Meadows, with the meandrous 

Windings of the River I 1 view every Thing in 

Motion, the People walking, the Cattle grazing, and 

the Ships failing in the River. The Obj efts all 

richly variegafvd with their natural 'lints and Colours, 

the Buildings all in Perfpective, with a natural 

Relievo by Light and Shade !- 1 do not know that I 

was ever fo delighted with a View of Nature at large, as 

I am with this Pidture of it in Miniature, —and, 

upon the Whole, I cannot but obferve how infinitely the 
beauteous Paintings from Nature's Pencil exceed the Imi- 
tations of thofe who copy her ; and when I hear of the in- 
credible Sums of Money that have been given for fach 
inferior Performances, and at how fmall a Price thofe 
GlafTesare purchafed which prefent us with the inimitable 
Original, I am quite at a Lofs to conje&ure at the unac- 
countable Fate of Things. 

Cleon Mod Things of this Nature you will always Gnd 
very difficult to account for; and in all Subjects of this 
Nature which depend on the Fancy, Humour, or Caprice 
of Mankind, you will generally obferve a very great Dif- 
proportion betwixt the real Worth, or intrinfic Value of 
the I'hing, and the Price that is paid for it. But to re- 
turn to the Subject : You obferve, in one Part of the 

Screen there is a round Hole, of about Half an Inch 
in Diameter, upon which any Part of the Pi&ure may 
be thrown :it Pleafure : ■ On the other Side of the 
Screen is made to Aide over the Hole, a fmall Cell or 
Tube of Wood, containing a convex Lens wbofe focal 
Pittance is one Inch and a Half, that alfo is the Dtftance 
of the Glafs from the Hole 5 the Difiance of the £ud 
Glafs from the other End of the Tube is about an 

inch, 



AND LADY's PHILOSOPHY. £15 

v 

loch, to which End, if the Eye be applied, it willy by 
Means of that Glafs, view thofe Parts of the Pi&ure 
which fall upon the Hole in the Screen, and perceive 
them very diftin&ly $ and, in viewing thefe, you view the 

Objeds, of Courfe, to which they belong. You 

may, by placing yourfelf behind the Screen, try the Ex- 
periment immediately. 

Euph*of. I fee perfe£Uy well the Thing you mention. 

■ ■ I fee the Man walking by the River-fide : 1 

can eafily diftinguifh the Colour of his Cloathf, his va- 
rious Motions, and, what is very furprifing, he feems 
extremely near, and walks with his Heels upwards.— 
The lame I obferve of other Objects, when I move the 
Screen to bring them upon the Hole, as you have directed 
me. 

Clton. Your feeing the Obje£t inverted, or upfide- 
down, is a neceflary Confequence of your viewing it in 
its Picture ; for the whole Landfcape is in an inverted 
Pofition, as you fee; and therefore every Part, when 
viewed by the Glafs, mud appear in the Pofition it really 
has, viz. upfide down. 

Eupbrof. This I plainly perceive muft be the Cafe* 
and I farther fuppofe, that the Reafon why it appears fo 
very near is, alfo, becaufe its Image, by whieh I view it, 
it fo very near to the Glafs. 

Clem. That is the true Reafon which you have affign- 
cd ; and the Image, at that Diftance ftom the Glafs, fub- 
tendinga much larger Angle, occafions your feeing every 
Part much morediftin&ly, than it could appear if viewed 
by the Eye at the l)iftance of the Glafs in the Window ; 
that is to fay, it will appear as much larger, and more 
diflrnft in the former Cafe, than in the latter, as the 
Glafo is there in Proportion nearer; for Inftance, the 
Diftance of the Eye-glafs is but one Inch and a Half 
from the Image, but the Diftance of the Objedt-glafs in 
the Window-fliut is 36 Inches. J hefe two Diftances 
are to each other as 1 to 24, and therefore the Image 
.appears under an Angle 24 Times as large when viewed 
through the Eye-glafs, as it does when viewed at the 
Diftance of the Objeft-glafs; and therefore it appears 
very plainly, from hence, that the Object will be feen 
under an Angle, when viewed in its Image, 24 Times 
P 4 larger 
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the Window-fhut, and place another ha its Room of 
double its focal Diftance, viz 72 Inches; then remove 
the Screen to the fame Diftance from the Window, where 
now you fee the Landfcape gieatly enlarged* twice as 
much in Length and Breadth, and therefore 4 Times as 
large in Surface as before y and as the Diameter of the 
Aperture of this Objeft-glafs is twice as much as that of 
the former, there will be the fame Quantity of Light in 
the Pidure ; fo that each Image is now equally bright as 
before : Then I apply a Glafs of 3 Inches focal Dif- 
tance behind, which will (hew the Object under the 
fame Angle as before, the Hole in the Screen being now 

twice as large. Go, and apply your Lye to the 

Tube, my Euphrofyne y and tell me how it appears, 

Euphrojl 1 will. By what you have (aid, Things 

ought to appear nearly the fame as before.— — But the 
Scene appears every Way more grand ; and I cannot help 
thinking that the Ooje&s feverally appear not only more 
perfect, but alfo larger at the fame Time. 

Clean. Your Observations are very juft, except the 
laft ; the Objects are not in Reality magnified : This is a 
Deception of the Fancy ; for we always imagine that the 
more illultrious any Thing appears, the larger it mud be 

at the fame Time. That the View or every Part is 

more perfeft, 1 will allow ; for which Keafon I (hall (hew 
yon, by another Experiment, that the magnifying Power 
of the Eye- glafs may be increafed, by changing that 
which is now one of 3 Inches local Di (lance, and fub- 
ftituting another in its Stead of 2 Inches only.— 1 his is 
done : Take a View as before. 

Euphrof. I do; and cannot but fay, the Objects ap- 
pear fufficiently diilinfl, though magnified much more than 
before :— But they appear not altogether fo lightfome, or 
bright. 

Clem. They are magnified now in Proportion as 2 to 
72, or 1 to 36 ; and therefore the Power of magnifying 

now exceeds that in Proportion as 36 to 24. But 

whereas you feem to think the Objects are now not bright 
enough, I mult obferve to you, that there is really more 
Light upon the Picture than is allowed of by the Laws of 
Optics or diflindt Vifion ; for the Aperture of the Object - 
glafs is now twice as large as before, whereas it ought to 

exceed 
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exceed the Aperture of the forrner Obje£t-glafs, but in 
the fame Proportion as the focal Diftance ot the prefent 
Eye glafs exceeds that before ufed : That is to fay, in the 
Ratio of 3 to a. Consequently, it will appear, from all 
that has been faid, that though there be an Increafe in the 
Power of magnifying in refracling Tclefcopes, yet in 
equal Degrees of Diftindnefs, a lefs Proportion of the 
Apertures in the Objecl- glafs, or of Light in the Pic- 
ture, will be necefiary ; and thus we may proceed till, at 
Length, the Degree of Brightnefs will become fo far di- 
miniflied as to render fhe 1 elcfcope but of very little Ufc 
in viewing terreftrial Obje&s, whofe Light, when they 
become magnified to a great Degree, will be found too 
little to (hew them fufficiently plain, with thofe Apertures 
of Objecl-glafTes which are neceflary for diftinct Vifion* 

— Having now explained at large, by thefe Expeii • 

merits, the Nature of a refracling Telefcope, and (hewn 
that it is nothing more than a Sort of portable Camera 
Obfcura in Miniature, I (hall defer what 1 have farther 10 
lay, in Relation to the different Kinds and Conftru&ions 
•f this Inftrument, to another Opportunity. 



DIALOGUE VII. 

On the various Constructions of rej rafting 
Telescopes, 

Eupbrofyne. 

Y" OUR laft I. eflbn on the Nature and Rationale of 

* refrafting Tclefcopes, illuft rated by Experiments of 

the Camera Obfcmra y gave me no fmall Delight, as I am 

well tatisfied I could have, by no other Means, acquired 

fo good a Notion of this entertaining Inftrument; 

I fee you have here many different Sorts and Sizes upon 
the Table : I fuppofc, Cleonicm^ they are the various Forms 
in which ref rafting Telcfcopes are now made. 

C/eon, They are fo, my Eupbrdfyne ; and, that you 
may have a more diftincl Idea of them, I (hail cnum^. •.*,« 

them 
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them according to die different Names they bear, refulting 
from their different Stra&ure and Ufes. 

I. The lead Size of all is called an Opkka-Glassi 
from its being principally ufed in the Opirm, and Play* 
houfes. 

II. The Perspective Glass, which is only the for* 
mer Glafs lefs in Diameter, but of a greater Length, and 
fitted for the Pocket: This is alfo, by Opticians, called 
G*Me$*8 Ttltfcope. 

III. The Aflr§nomical Telisco*e, fo called, at being 
chiefly appropriated to celeftial Obfervations. 

IV. The common Telescope, adapted for viewing 
Land-Objetfs. 

V. Sea Telescopes, conftrufted for viewing Objects 
at Sea mod conveniently. 

There are, befides thefe, other Conftradions of this 
Inftrument, which are called, Heii$ft$p*s, P$igmrft9pa 9 
&c. « 

Euphrof I fuppofe the fir ft that you mentioned, and 
called an Opera-glafsy is this very iliort one, with a broad 
Glafs at the End; it feems very fit for the Purpofes in* 
tended, as it may be cafily held in the Hand and applied 
to the Eye. 

Cleort. Yes, my Eipbrofyne* that is the firft Sort of 
profpective Glafs, and con fills only of two Lenfes, one 
of which is the broad Glafs you (peak of at the End, 
called the Object -glafs, and is a Plano-convex; the Glafii 
at the other End is a Plano-concave, and is to be drawn 
out, or in, by Means of the Aiding Fart, or Drawer ; by 
this Means, the two Glaflcs are adjufted to a proper 
Diftance for viewing Objefls. 

Euphrof. What are the particular Properties of this 
Sort of Telefcope ? 

Cleon. Firlt, the Concave-glafs is placed within the 
focal Diihnce of the Object-glafs, by juft fo much as is 
equal to its own focal Diftance ; and when they are in 
this Pofition, the Rays proceeding from the Object, will, 
by Refraction through this Inftrument, be made to fall 
parallel upon the Lye, and thereby a diftinft Image will 
be formed on the optic Nerve, which is neccflary for per- 
fect ViGon. Secondly, the Objecl-glafs at the End 

has generally a very large Aperture, to give fufficient 

Light 
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Light for viewing the Obje£r, efpecially as it is chiefly 
ufed by Candle-light: But for (hong Day-light, and 
viewing Objeds enlightened by the Sun, the Aperture at 
the Objeck End ought not to be fo large, as the Obje£k, 
in foch Cafes, is liable to be very much coloured and lefs 
diftind.-— — Thirdly, the Aperture of the Concave, 
aiext the Eye, is, or ought to be, always final J, viz. but 

a little bigger than the Pupil of the Eye Fourthly, 

as the Eye-glafs is placed within-thc Focus of the Obje£t- 
glafs, the Length is lefs, for the fame Power of magni- 

2ng t than in any other Telefcope. Fifthly, as 
we are but two Glades in this Conftru&ion, and each 
of them of the beft Form, it renders Vifion in this In- 
Aroment mod perfect ; for that is always more fo in Pro- 
portion as the Number of GlafTes is lefs, becaufe, by 
Kefra&ion at every Gla(s, fome Irregularities are pro- 
duced which difturb the Sight, or render the Image lefs 
perfect. 

E*pbr*f. When I look through this Glaft, I can fcarcely 
imagine it magnifies at all. 

CkmK That is the Cafe with mod People when they 
firft ale thefc Inftruments : they often fay as you do ; nay, 
Ibme of them will affirm, that they can fee better without 
the Gh(s than with it : But thefe are all Miftakes, or 
Deceptions of Vifion ; for thefe Glades, all of them, 
magnify Objects 3 or 4 Times, and there is no Form of 
the Eye but what may be affifted by its Ufe, when it is 

£roperIy applied.—*- — The Proportion of magnifying is 
ere the feme as of the two Lenfes I ufed in the dark 
Room ; for whether the Eye-glafs be Concave, or Con- 
vex, it makes no Alteration in that Refpe£k; for the, 
Power of magnifying by any two Lenfes will be propor- 
tioned to their focal Diftanccs. — Thus the Objecfc-lens, 
here ufed, is 3 Inches focal Diftance, and the Concave, 
next the Eye, has but one Inch focal Diftance : Therefore 
this Opera-glafs magnifies in Proportion as three n *mt> or 
three Timet. 

Eufhref. I mud not pretend to contradict you ; but. 
really, Objects do not appear to be fo much magnified to 
me. Pray, Cle*nic*s> have you any Method by which you 
can fatisfy me of the Truth of this by Experiment?—— 
You will excufe my being fo troubleiome. 
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Clean. It always gives me the greateft Pleafure to fatisfy 
the fcrupulous Curiofuy of Ladies and Gentlemen in this 
Refpeft : And the Method I uke to convince them 

in general is, that which I have here provided lor you i 
for I for claw you would make this Objection, — You f cC 
here, a Piece of white Paper, juft 3 Inches long, and 

the Inches defined by black Lines 1 ftick it up on tin* 

opposite Side of the Room, for you to view it through ifr e 

Glafs, and when you fee the Paper diitin&iy in *k* c 

Gbris, open the other fcye and view it by that, witb*>»* 
the Glafs, and you will obferve, that one Inch of *** c 
Paper, feen through the Glafs, will appear juft as !****§ 
as the whole Length of the Paper appears to the nalc-^ 
Eye. 

Euphrof. Let me try this Experiment forthwith, ^* 
it is fo very eafy. — —I have adjuttcd the Glafs, and C^* 
plainly fee the Paper through it. - --Now I'll open tf* - * ' 
other Eye, and direct it to the Paper ; -- - and, upon **** ^ 
Word, to my Surprize, 1 find the Thing you mentioa *^ 

be fact. 1 a&ually fee one Inch of the Paper, throu^^^ 

the Glafs, juft covers the whole Length of the Paper ^_. 
viewed by the naked Eye, and, of Courfe, the whol^^ 
Paper appears 3 Times larger with, than without \\* ^^Zx 
Glafs, which I could not have believed if I had not trie** 
the Experiment. — I am, by this Jnftance, fully fatisfied 
how much we are liable to he mi ft a ken, and to form 
wrong Ideas of Things, tor want of proper Method; to 
inform the Judgment. — As you have been fo obliging a« 
to make me a Prefcnt of this curious Opcra-glafe, picafc 
to let me" know if there are any Ficcautions to be given 
for the Ufc of k 

Citcn. It wi'.l be necefLry to ebferve the following 
Particulars: — Firft, in adjuitin^ the Glaifcs, you liraw 
out the Tube to the black Circle u Licit is 01 awn upon it, 
aud then it is adjufted for Objects at a moderate Diilnnce. 

— Secondly, but it Objects ?.re very near, the Tube 

muft be drawn a littie farther ou;, ami, on the contrary, 
not quite fo far as the Circle, for Oijc£cs at a great Di- 
stance ; but you will never be perfect in the Ufe of this, 
or any other Telefcopc, till you can readily adjuft it by 
moving the Tube forward and backward, while you are 
actually viewing the Object through it, and (top your 

Hand 
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Hand when vou firn iheOV^f* r-ptar rr.z\i w-reci- 

Thirdly, when vou have Oct. 2 f: en tc» tike ihi Gh m ~c* 
out to clean them, you v.". rssrs^bsr :.:W2T*. when 
you put them in agsin, to phce the Ob;e<ft giais with 
its convex Par: outward, and the Eye-ghfs with the 
concave Part next the Lve, and then it will be a!vavs tit 
for Ufe. 

Eupbref. 1 am obliged to you for thefe Inflruclions.— 
But here is the other Glafs you called GaJi.Ws 7eiejicp* 9 
pray, what are the Properties of that Conftru&ion, and 
how am I to proceed in its Ufe ? 

Clam. This is in nothing materially different from the 
other, but in its Length and magnifying Power in Confe- 
quence thereof ; for as the Objed-glafs here has a longer 
local Diftance in Companion of that of the Eye-glafs, it 
W *1I> of Courfe, have a greater Power of magnifying in 
Proportion.— This, which I here prefent you with, is 
a proper Size for the Pocket, and will magnify fufficiently 
for common Ufe. The Objeft-glafs is 1 2 Inches Focus, 
a ^d magnifies the Objeft about ten Times : But there 
^iil always be an Inconvenience attending the great Length 
°J m an Inttrument of this Kind, viz. the Smallnefs of the 
^"■eld of View, which is here proportioned to the Area 
of the Pupil of the Eye ; and therefore, when it magnifies 
rouch, the. Field of View will be but fmall, and render it 
ffiore difficult to find the Object, and lefs plcafant to view 
w : "— - — Were it not for this Impediment, no Telcfcope 
w °uld (hew diftant Objc^s fo perfectly as this, on Ao 
c ount of there being but two Gksffcs in the Conftru&ion* 

*" But in Cafe the diftant Objects be very fmall, fuch 

*J *he heavenly Bodies arc in Appearance, then GalHcf* 
* elefcope is applied oftentimes io very good Purpofe ; 
*^"» with that, the Sun, the .\Jcon, and the Pla new will 
■* niagnified very con Kderably in a Lrrr»h of 18 Inches, 
^J" two Feet, even fo f2f as to (hew fhu-tr and hit four 
**<K>ni, which cannot ce done wifh o'.htt refracting? T>- 
*fcopea of lefs than twice that Lsnprh 5 but cvtn in 
dewing the celeftbl ho^'m, if vet proceed fi yrtzt 
1-cngths in the Gom,an Teiefcc:,?, ths I^ifEcuity of find- 
ing the Object nil! frbfca-.ecM Def.gn*, and cbj 
Lve Rcccur.e t-» tht jtccr Fc;:n> cr Teirfc* 
fcconfii J .ereii. 
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Eupbrof. I think the £rft of them you call the a/hri 
mhal TtUfcopt) as being defigned for viewing the heavenly 
Bodies only ? 

CU$n. Yes : that is the 6rft and mod GmpJe Couftnic- 
tion of Telefcopcs compofed of convex Lcnfes only, of 
which there are but two or three at moft. — But, as in 
thefe Sort of T elefcopes there is a real Image formed of a 
diftant Obje& in the Focus of the firft, or Obje£fc-glafs, 
which Image is viewed by the Eyeglafs in the Manner I 
{hewed you in the darkened Room, it is evident, that this 
Inftrument (hews ail Objects in an inverted Pofition, and 
therei ore not fit for common Ufe, as 1 then obferved to 
you ; but the heavenly Bodies being of a refund, or circu- 
lar Form, the Inversion of fuch a Figure is no Di fad van- 
tage to the View ; and fincc the Appearance of an Objeffc 
through two Glafles is moft perfect, and the Moons of 
yufiter and Saturn require the moft perfect ConftrudUon 
to (hew them, this Telefcope is preferable to all others on 
this Account, as the Field of View is large, and the Ob- 
je& found with Eafe — In this Telefcope one Objc£t- 
glafs is fufficient, though in ibme Refpe&s two may do 
better. — There is alfo, generally fpeaking, but one Eye- 
glafs ufed ; but it is certain, from the Laws of Optics, 
that two Chiles properly combined will (he*- the Image 
(and confequently the Objed) more perfectly than one 
alone •. 

Euphrof. I remember you told me the magnifying 
Power, by Means of thefe two Glafles, was in Proportion 

of their focal Diftances: But one Thing I am not 

quite fo clear in, is, the Reafon why the Images of Ob- 
jects are inverted in the Focus of the Objt£Uglafs, and 
whether there be not any Method to prevent that dif ad- 
vantageous E;:c£l ? 

Clean. The Reafon why the Image of an Obje£fc is* 
inverted by a Glai- jou will rea/iily perceive, when you 
confider, that every Point of the Image is depicted by a 
Ray of Light coming from the Object in a right-lined 
Direction through the Ccntie of the Glafs ; from whence 

it 



* For ihe Dcmcnftration of this phyfical Problem in Optics, 

fee my Nev* J'llt»i:i: s of Optics, p. 33, 34. 
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it will follow, chat thofe Rays of Light which come from 
the upper Part of an Object muft, after palling through 
the Center of the Glafs, go to the lower Part of the 
Screen, and there paint the Image of the upper Part of 
the Object.— On the other Hand, the Rays which come 
from the lower Part of the Object, after palling through 
the Center of the Glafs, go to the upper Part of the 
Screen, and there form an Image of the inferior Parts of 

the Object! And, by the Laws of Refraction, all 

other Rays which proceed from the fame Poin:s in the 
upper, or lower Parts of the Object, to any Part ot the 
Lens, will be refracted to the fame Points of the lower, 
or upper Part of the Image, and there unite with thofe 
Rays which pafs through the Center of the Glafs ; con- 
sequently, the Image, by Means of the Rays eroding 
each other in the Glafs, mud ncceflarily be formed in an 
inverted Poiition, and which, you remember, was uni- 
verfally the Cafe in all (ingle Lenfes you tried in the for- 
mer Experiments. 

Eupbrof. I remember this to be fact in every Inftance 
I tried, and* as it is a great Imperfection in the 1 elefcope, 
Could it not be removed by applying another ObjeB- 
glafs? 

CUen. By no Means : Any Number of Object gl a fifes 
will form an Image in the fame Manner, as one alone: 
— But the Image will (till be inverted, and only lefiened 
in its Dimenfions ; fo that no Redrefs for this Evil can be 
bad from thence.— Yet are we not deftitute of a Remedy, 
tohich is found in the Con it ruction of the common Telc- 
fcope, and is what I next propofe to explain, after having 
propofed to you otle Thing more, which is, the Reafon 
why the Conduction of the Telefcope under Con fi der- 
ation, is alfo fometimes called the Night T sit/cope \ for 
when the Aperture of the Object-glafs is very large, and 
the Glafs itfelf of a (hort focal Diftance, as 8 or 10 Inches 
only, then the Field of View will be very large, and by 
Night, at Sea, there will be Light enough in the Atmof- 
phere, and by Reflection from the fait Water, to enter 
through fo large an Aperture as will be fufficient to (hew 
Objects, on the Surface of the Sea, at a confiderable 
Diftance ; at lead, much better than they can be difcerned 
by the naked Eye, and thereby fuch a Telefcope becomes 

Vol. IL Q^ of 
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of general Ufe at Sea —-But when the focal Diftance 
of an Objett-glafs is fhort, andfo large an Aperture ufed, 
it becomes neceflary to ufe two Objeft-glafies, that the 
Errors of Refra&ion, arifing from the Convex Figure, 
may be in fome meafure corre&ed, and Vifipn thereby 
rendered more diftinft. — And in the large ft Sort of Night 
Telefcopes, where the Aperture is very large, no lefs 
than three Object- glafles are neceflary to form the Image, 
on that Account. 

Eupbrof. ' Tis eafy to obferve in this, as in many 
other Cafes, that Necefiity is the Mother of Invention ; 
and had you not given me this Rationale of it, I fhould 
have thought you had jefted with me, in talking about a 
Night Telefcopc, as it is well known by Experiment, that 
every Telefcope makes the Obje& appear lefs light fome 
than it appears to the naked Eye, and therefore it mould 
feem a Contradiction to have a Telefcope for viewing 
opake Objects by Night. — I fuppofe, the Telefcopes I here 
fee of different Sizes are all Day Telefcopes of the com- 
mon Forms in Ufe ? 

Clem. They are, my Eupbrofyne ; but fome of them 
have more Glades than others, and all of them {hew the 
Objeft upright, or in its natural Pofition : But the leaft 

Number of Glafles, in any of them, is four.- You 

fee, here is one at the Object End, — and in the Drawer 
next the Eye, you obferve this Tube with three Glafles is 
contained. 

Euphref. So that in all the four-glafs Telefcopes I 
obferve there are toree Eye -glafles, and one Objeft- 
gl\($i but, pray, why are three placed next the Eye, 
CUomcus ? 

Clean. That you may have a clear Idea of this Matter 
you arc to confider, 

(i.) That the fir ft Image is formed in the common 
Focus of the O'jjccfc-^lafe, and the firft of the three Eye- 
glafles; and therefore, 

(2.) The Rays which proceed from this Image to the 
firft Eye-glafs, are, after Refradtion through ir, rendered 
parallel arrong themfelves; and, confequently, if they 
fall upon a iccond Glafs, pLced at a Diftance behind it 
towards the ir' yc, they will be all converged to a Point in 
the Focus of that Glafs, and, for this Rcafon, 
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(3.) Rays thus proceeding from every Point in th« firft 
Image will, by Refra£tion through the two firft Fye-glafies, 
form an Image at a proper Focus which will oe evety 
Way fimilar to the firft Image. 

(4. J The two firft Eye glades being placed at double 
their focal Diftances from each other, will then have'he 
moll proper Pofition for producing the EfFedr ; becaufe 
then the Rays that proceed from contrary Sides, in the firft 
Image, through the firft Eye-glafs, will be fo refracted as 
tocrofseach other in its Focus, and confequently fall upen 
the fecond Eye-glafs in a manner juft contrary to that in 
which they proceed from the firft; and therefore the 
Image formed by Refraclion through the fecoud, or mid- 
dle Glafs, will be in a contrary Pofition to the firft Image, 
and therefore in the fame Pofition with the Obje£t itfelf. 
Hence, 

(5.) An Image of the Object being now formed up. 
right, that Image is fo viewed by the third Eye-glafs, or 
that next the Eye, which, for that Reafon, muft be placed 
at its focal Diftance from it, that the Rays may proceed 
parallel to the Eye. 

(6.) The three Eye-glades are all of them of one and 
the fame focal Diftance, and therefore the Diftance be- 
tween each of them will be- the fame, as you fee they are 
placed in this Tube. 

(7.) Upon this Account it is evident, that the fecond 
Image is viewed under the lame Angle by the third Eye- 
glafs as the fiift Image appears under when viewed by the 
firft Eye-glafs ; and therefore the Power of magnifying is 
the fame with three Eye-glades as it was with one in the 
aftronomical Tclcfcope. 

(8.) In the Place where the fecond Image is formed is 
a Diaphragm, or round Hole in a Piece of Wood, or 
Brafs, of a Size fomewhat lefs than the Area of the Eye- 
glafles, in order to fhut out all the extraneous Rays, or to 
{hew that Part of the Image only which is fy fficiently per- 
fect for View. 

(9.) And where great Nicety is required, there is alio 
a Diaphragm with a fmall Hole, of a proper Size, to be 
placed in the common Focus between the firft and fecond 
Eye-glades; and if the firft Image were circumfciibed 
by a proper Aperture in another Diaphragm', it would 
Qjt tend 
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tend to render ViQon through a Telefcope dill more per* 

(10.) And laftly, the Field of View in this Sort of Ti 
lefcope is the whole Area, or Aperture of the Diaphraj 
next the Eye, and therefore as much larger than what m 
have in the Galilean Telefcope, as the faid Aperture ti 

is larger than the Pupil of the Eye. And fuch _ 

the Construction and Rationale of the common refra£Uaj 
Telefcope, which, neither you, nor no one clfe could m 
perly comprehend without adlually viewing the fevc 
Parts of the lnitruments themfelves. 

Eupbrof. I am thoroughly fenfible of that; for it 
here as with the Microfcopcs, unlefs wc fee the Form ai 
Pofition of the feveral Parts feparately, it is impoflible Ufe 
have an adequate Idea of the joint Effect of the Whole* 

in the Structure of lnitruments. And, after all, I 

find that this refracting Telefcope does nothing more than 
the former, but jhew the Object upright, which is certainly 
a very great Improvement upon the Galilean Telefcope, 
in regard to the Amplification of the Field of View.— >r 
But at prefent I muft defift, to attend another Engage- *i 
ment, and will give you the Trouble to profecute what ' 1 
remains, relative to this Subject, at our next Leifure*. "«.S 



•*• 



* A r . B. The Telefcopes defcribed in the above Dialogue 
I have thought proper to illuAratc by a Copper plate, reprc- 
feming the Sun-Bearas entering through Scioptric Balls into 
a darkened Room, and refracted through the Obje&glafles of 
Teitfcopes fix.-d in circular Frames, perpendicularly, on long 
Pieces of Wood fcrewed on to the laid Balls : and at the other 
End of the faid Pieces of Wood are placed the Eye-glaflc*, at 
j roper Diftances from the Objecl-glaffes, and from each other; 
by which it appears, that each Telefcooe produces the fame 
EffcaofrefraaingrheRays to proper Foe ufes, and, at laft, 
tendering them parallel to the Eye, by which diftindt Vifion as 
produced. The tiiil, or uppermoft of thefe, repreftnta the 

Glafles of the Galilean Telefcope. \ — The Second, tha 

aflronomical Telefcope The Third is the four-glafr Tele- 

ic« p:. The Fourth is the Night-Telcfcope. If the Glafles 

of any of thefe Telefcopes were to be thus placed in a darken* 
edRoom, the Beam ot the bun's Light would pafl through 
rhem in the fame Manner as here reprcftnted. 



AND LADY's PHILOSOPHY. 2 * 9 



DIALOGUE VIII. 

fbe Nature and Construction of refraEling 
Telescopes continued. 

Euphrofyne. 

I Am now ready to attend you, CUonuw^ in what you 
have farther to fay upon the Subjeft of ref rafting 
Teiefcopc3 r- You .have already defcribed to me the four 
principal Forms, the Jaft of which was one of four Glades % 
but I remember you faid, there were other Telefcopes 
that had more than four Glafles ; pleafe to let jne know 
what Purpofe the iujditional Glafles anfwer,? 

CU§ru in fome there are irve, and in others there are 
fix Glafles, which are principally intended to enlarge the 
Field of View % arid to render -the Image more perfect to- 
wards the extreme Fates*: The D.ifpQfition of the Glafles 
is different in many of them 4 but, in general, it is the 
fame as what you fee 10 this, which I here put into your 
-Hand:— — And that you may fee the Difference between 
f this, and a four-glafs Telefcope of the fame Length, you 
Iiave now an Opportunity of viewing the t Crofs, the 
'Globe, or Ball, and the Dome of Sfc PquT$ % ^he Sun 
lying advantageoufiy upon them. 

Eupbrof. Thefe Telefcopes, I fee, arc about three 
Feet in Length, and I (hall gladly experience their Dif- 
ference.— Firft, I will take the four-glafs Telefcope, 

— ■ -with this I fee the golden Crofs, curioufly wrought, 

and very large and diftinS. The Ball appears very 

jgrand, a^ weH as globular, with curious Workmanfhip, 

- "and the Golden-gallery appears like what it is when 
we are upon it: I can eafily diftinguifli Men and Women, 
tbeir different Habits, Colour or their Cloaths, fome of 
them walking, and, others leaning over the Palifades.— — 
The Dome appeals io be a glorious Rotund, and every 
other Part in Proportion, .exhibits an agreeable Spectacle. 

I will now take the Telefcope with fix Glaflc* 

and, in viewing the lame Obje&s, I perceive 

jk Difference in the Extent of the View, which is 

£?tainly, here much larger a,nd finer than before > but, 
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at the fame Time, I do not think the feveral Parts ap- 
pear Co very dlftinct as in the former, and, on that 

Account, I really do not know which of the two I ftiouid 
chnfc. 

CUcn. Yen need give yourfelf no Trouble about that, 
my Eu}brr.j]ne\ lor 1 (ball make you a Prefent of them 
both : They have each their peculiar Advan- 
tages, and you never will find any one Inftrument in 
which the different Perfections of vaiious Forms can be 
all united. 

Eupbrcf. I readily believe what you fay : But what 
are thole long Teleicopes in Mahogany, and coloured 
Wood ? Are they not what you call S co-Tele fcopes> 

Cu'CKIlUS ? 

Clecn. Yes, my Eupbrofyne y they are, and ufed chiefly 
by Matters of Veflcls, and other Sea-faring People, for 
as they are all in one entire Length, they give them no 
Trouble, and require no Time in applying them to ufe: 
This renders them more fit for their Purpofe, who often- 
times have not a Moment to fpare, when their Ufe is 
required, for viewing a Ship, Headland, Lights, &c. at 
the fir ft Appearance. Add to this, that Vellum, or 
Parchment lubes, of which common Telcfcopes arc 
made, will not bear the Action of a faline Atmofphere, 
which foon difcolours them, dertroys their Texture, and 
renders them unfit for Ufe, unlefs they are taken very 
great Care of indeed, and kept in proper Cafes. 

Eufb' of. But 1 fee here a Telcfcope fomewhat different 
from the former, efpecially at the Obje£t-end, the Brafs- 
work of which I perceive to be of a fquarc Form j to what 
Purpofe does that ferve, Ckonicus ? 

Clan, That Object end of the Sea-Telefcope is made 
in the Form of a Dye, on Account of its holding two 
Glafles ; either of which may be immediately applied, as 
an Gbject-glafs, by turning the Place round in which 
they are contained, which is done in an Inftant, by a 
proper Mechanifm in that Part : by this Means you have, 
as it were, a double Telcfcope in one Inftrument ; for the 
Glaffes being of a different focal Diftance, and the Brafs 
Tube being made to draw out at the Objec"t-end as well 
a* the Eye end, the Telcfcope may be lengthened, or 
fhortened, at Pleafurc, according to the Objc£t-glafs that 

is 
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is ufed:— But when we confider, that fuch a Tclefcopc 
becomes, by this Conftruclion, fo expenfive, as to equal 
the Price of three very good fingle Telefcopes, at the fame 
Time each of which may have a different Power of mag- 
nifying, it appears to mc to be a very prepofterous and an 
injudicious Contrivance, and, as fuch, deferves no farther 
Notice. 

Eupljrof. There is yet another Telefcope which makes 
a confiderable Appearance, concerning which you have 
not faid any Thing. Pray, is the internal Structure of 
this different from any of the former, as I fee nothing 
different in its external Form ? 

CUm. This is a Patent Telefcope, and different from 
others in having a double Objecl-glafs, one convex and 
the other concave, placed contiguous to each other in 
the fame Cell ; The fphcrical Figure of which is different 
in each, and the Defign of fuch a Combination of Glaffes 
is, that one may correct the Errors of the other, in regard 
to the colorific Refra&ion of Light; for whereas you 
have been taught by prifmatic Experiments, that Rays 
of Light have different Degrees of Rcfrangibiiity, and 
I have not long fince obferved to you, that this is one 
great Caufe of the Imperfedlion of rcfracling Telefcopes 
with a Gngle Objec~t-lens of a convex Form, therefore 
this concave is added to correct this Aberration of Rays, 
and to render the Image of external Objects more perfect 
and uniform. 

Euphrof. And do thofe two Glaffes anfwer fuch a Pur- 
pofe in a fen fib le Degree ? 

Clton. You will have no Occafion to take my Word, 
or Opinion, about this Matter, becaufe you may try the 
Experiment yourfelf, and fee the Difference betwixt this 
and another of the fame Length and magnifying Power. 
—I have here contrived to place them both in a Pofi- 
tion, to view the fame diftant Objedt, which happens 
*ery apropos to be the Crofs on the Top of St. PcuPs^ in 
a direct View. 

Euphrof. The Crofs makes a very curious Speflacle ; 
and 1 obferve, very plainly, that there is a Difference, 
but not fo great as I mould have imagined, from the very 
great Difference which you mention in the Price of thefe 

two Telefcopes. ■■ T here is (je ne fcai quo'i) 

0^4 fome- 
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Something which I cannot well cxprqfs, in the Effe£k *i, 
this Telefcope ■ ■ I fee the Crols and its Parts *>*Of| 
perfectly in one refpecl, yet not fo much fo in suwLfi^t 

— *- But there feems to be fo much of Ambiguity % 

the different Etfc&s of thefe Telefccpes, that I rouft Ml 
longer exercifed in tlie Comparifon of them before I *£?J 
pretend to form any adequate Notion of their refped***!. 
Merits, or how much one is preferable to the °* cr -"~ - !T^ 
Jiut, pray, wfiat is that particular Conftrudipn of a Te**f\ 
fcope you call a Polernofcope? ^._*± 

Clean. By that Term is meant, a Telefcope, **]**? 
Obje£l-end of which is fitted a very curious refleflir*-^ 
plain Speculum at half a Right-angle to the AxU of tj^5 
Telefcope, which is directed to the middle Point of ttr^ 
faid Speculum, as you obferve in this Part which 1 toc^T' 
off and on. 

Eupbrof. But what is implied in the particular Etymo^ 
logy of the Word ? 

QUon. The Name implies an Inftrument of the Tel^ 
fcopic-kind, for the Ufes of JVar \ that is to fay, fucjii 
as the Generals, or Officers concerned in Sieges, Forti- 
fications, &c. have often Dccafion to ufe : For, in many 
Cafes, befides a djreft View ftrajt forward, they ha?c 
often Occafion to fee what is doing by Persons on either 
Side, above, or below the Place where they ftand, and 
which, with this Contrivance, they can eafily command 
a View of; for, as you turn the Glafs in your Hand, you 
take in all Objects in a lateral Situation, or fuch as are 
placed Side- ways, and cannot be feen by a common Tcle- 
fcope. If you turn the Speculum downward, you fee 

all below ;— ~. if you turn it upwards, the Top of 

the Buildings, and the People there, are expofed to your 
View : And thus the Actions of the Enemy may be re- 
connoitred, while they think themfelves quite fecure from 
your Notice. 

Euphrof. Why, after a]l your learned Terms, I find 
that this high-founding Inftrument is nothing more than, 
the common Opera- glafs, which a Lady of my Acquain- 
tance fhewe4 me the other Day, having 9 Hole on each 
Side, in which there appears a plain Looking-glafs adapted 
fo each End, and by which fhe could take a View of anj 
J'erfou (lie pleafed, without his having the leafl Sufpicion 

3f 
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<fcf it, as the Glafs was directed quite another Way. J 
cannot fay but 1 was very much pleafed with the EfFeft, 
avid wifhed for fuch a one of my own. 

Ciew. \ hen here you have your Wi(h,my Euphrofynt^ 
fori have designedly procured fuch a fmall collateral Opera- 
glafs on Purpofe to exemplify the Ufc of the other more 
at large, fince Side-views may oftentimes be agreeable 
and ufefu! to the Fair-Sex, as well as neceflary to military 
O/ficers. . I Jaus, both the one and the other you have in 
y r our Ppffeflion, to ufe at yourPleafure. 

Eupbroj. You will greatly enrich me with an Appa- 
ratus of fuch curious inftruments. But I remem- 
ber, in the laft Place, you mentioned another Sort of op- 
tical Inftruments, you called Helioscopes, pray, what 
are they ? 

CUon They are Hill of the Telefcope Kind, and are 
(q contrived as to give a very pleafant and inofienfive View 
0/ jibe Sun, whofe ardent Luftre is much too great to 
admit him an Obje£kof the common Telefcope." I t 

is neceflary, one Way or other, to weaken, or obfeure 
his Rays, tbat pur Eyes may behold the mod illuftrious 

Object .of Nature; -there are many Ways of doing 

this, fie moft common is, jto Jjold one of the Eye-glafles 
qf a common four-glafs Telefcope over the Flame of a 
Candle till it is thereby rendered fufficiently black, to 
view the Di{k of the Sun without hurting the Eyes, 

which will dp pretty well for common Ufe: Another 

Metho.i is. by placing a Piece of ftained Glafs, of a very 
deep, dark Colour, in the Brafe Cell next the Eye, which 
will anfwer the fame End and with lefs Trouble : 
But the bed, and moft perfect Method of making a 
Heliofcope is, to weaken the Rays of the Sun by many 
Jjtefiedjons, forward and backward, from Surface to Sur- 
face of a prpper Number or plain, polifhed Speculums, 
tjll, at laft, tkey are rendered 10 faint, that the Eye may 
tuftsin thejr Effect without any Trouble or Inconvenience, 
and the Face of the Sun will appear, in this Way, fo 
very ferene and diftinlt in every Part, that the Macula , 
and Fseeuia, i. e. the dark Spots, and the brighter Parts, 
will, this Way, appear to the greateft Perfection : This 
is one of the many celebrated Inventions of the late Dr t 
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Euphrof. The Subject of Telefcopes, I find, is very 
extenfive, and admits of great Variety. — Arc there any 
other Forms or Denominations of this Inftrument which 
remain to be confidered? 

Clean. Yes ; one very material one, called the filer 
Telefcope, and which will afford you nofmall Amufement 
at your lerfure Hours, in a darkened Room. This In- 
ftrument is no other than a Galilean Telefcope, fcrewwL 
into a fcioptric Ball, moveable in its Socket, fattened un- 
file Window-fhut Walk but into the little Parlour^ 

which is already darkened, and there you wiii fee its de- 
lightful Eficas. 

Euphrof. And what am I to fee now I am here, CiW- 
cus ? At prefent I obferve only a Beam of the Sun's Light 
coming through the Inftrument. 

Clean. That Beam of Light is to pafs through this 
fmall profpe&ive Glafs, when fere wed into the Hole of 
the Bail, and in fuch a Manner, that when the Ray* 
proceed from it, they will form a very large and beautiful 
Image upon the Screen, which you there fee placed on 

purpofe to receive it. 1 have now fcrewed it on, and 

you obferve the Eflfeft of it as a Heliofcope; for this 
is one of thofe lleliofcopes which Dr. Hooke^ in his 
Treatife on this Subject, recommends, and it is, in his 
Opinion, the bell Method of forming the Sun*o Image. 

Euphrof. I cannot but admire the Effect of it, in pro- 
ducing fo curious a PiOure of the Sun ; How large 

and well defined a Circle it makes, in its o*n native 

and pure white Light ! The Spots, how plain and 

diftinct they appear ! and the Clouds, how quick 

and how natural they are in Motion, upon the Sun'* 

Diifc ! 1 think this is every whit as perfect as that 

which I faw by the reflecting Telefcope fome Time ago* 
which you purpofely contrive to obliged me with an arti- 
ficial View of the 'Pranfit of Venui : But no* 

the Time is at Hand, when we are to view that glori- 
ous Phenomenon in Reality, will not this Experiment, 
by Galileo's Telefcope, be fufficient to anfwer that 
Purpofe ? 

Clean. If not the moft perfect and ready Way of ex- 
hibiting that Phenomenon, it feems to have been this 

very 



f 
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▼cry Method that Mr. Hour ox himfelf made ufe of, to 
obferve the Tranfit of I'enui in 1639 \ far be ulls ui f 
b* obftrved the Planet Venus •« the face of the Sun, by 
Ateani $f bis TeleJcope y in bis darkened Chamber. Now, 
there could be no Necefiity for his darkening the Room 
for obferving the Sun, by a Telefcopc, any other Way 
than this ; nor is it in any Degree necefTary even here, 
but only for greater Difthscincfs ; for, at the Time of 
the TranGt, the Planet will be feen fufficiently plain, as 
you may judge by the .Appearance which the Spots of the 
Sun now make when 1 open the Win dow-fli utters and 

let the Light into the Room 1 have now opened 

the Window, that you may fee the Experiment both 
Ways, viz. in the darkened and enlightened Room, at 
once. 

Eup.jzrcf I am fully convinced, by this Experiment, 
that fcarce any thing more is neceiury to fhew the Spots 
*JP°n the Sun than only fome Conirivance to keep off 
the ^un- beams, and the cfireft Light from falling upon 
^^Screen, in any Sort of Tciefcope or Heliofcope what- 
k^er. — Would not this be a very good Way, CUcnicus t 
to obferve a folar Eclipfe ? 

C/w*. The laft confiderable Eclipfe of the Sun I 

fr.ewttJ this Way, to a great Number of Spectators, who 

"^•e all greatly pleafed in viewing it in fo advantageous, 

ai *d> at the fame Time, fo inoffenfive a Manner: And 

*hus, aifo, you may view the approaching great Lclipfc 

ro 1764. But for my own Part, when I want to 

fatisfy my Curiofity with a View of the folar Spots, lie. 
1 give myfclf no trouble in darkening of a Room, but do 
it cither by the reflecting Telcfcope, in the Manner I 
formerly mewed you, or eifc by this fmall Tciefcope, in 
a Ball and Socket, fixed to a Board, which I place near 
the Side of a Table on a proper Stand, and, as it 
darkens the Screen, gives me an Opportunity of viewing 
the folar Difk, Spots, and Clouds, jult as you now 
•obferve. 

Eufkrof. I fee you have many Inventions to gratify the 
few who have any Tafle for natural Curiofities, or think 
it worth while to obferve the Wonders of Nature. 

Clem. You have as ytt feen but one Part of thofe 
Of tical Inftrumcnts, we call Telcfcopcs \ but there is 
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-another Sort yet, more perfefi than thefe, which we caB 
relieving Tdefcopes, the external Form of which yoi 
are no Stranger to ; but the Nature and Strudure of this 
Inftrument being very peculiar and delicate, I (hall eo- 
deavonr to give you an Idea of it the next Oppo/tuuitj 
we have to converfe upon thefe Subje&s, together with 
fome Account of their Origin and Invention. 



DIALOGUE IX. 

Of the Nature, Origin, Construction, a*i 
Use of reflecting Telescopes. 

Cleonicm. 

IN our former Conversation, I have obfenredjto lOPf 
very material Defeft in the Nature of ref ra&ing Tele* 
fcopes, viz. that they refraA not all .the Rays of JLightw 
a (ingle Point, as they ought to do, tor the Pcrfqdionof 
Vifion, both on Account of the Figure of the Lenfcs, 
and of tbe different Refnangibility of the Rays of Light; 
and, in the very great magnifying Powers required for 
ecleftial Obfervations, their great Length renders them 
unwieldy, and confequently very inconvenient for Ufc; 
And this proved the general Reafon for the Invention of 
Tclefcopes by Reflection, which are, generally fpeaking, 
called Catoptric Telescopes. 

Eufhrof. I remember you ha.ve ofte? mentioned this 
Affair : But let me a(k you one Queftion concerning long 
Rcfra&ors. Pray, have not all the Skill and Ingenuity 
of Opticians been able to contrive a Contraction of their 
immoderate Length, foas to render them mqre eafy to bjc 
ufed r 

CUon. Many Attempts of this Rind have been made; 
but the mod remarkable were thofe invented by Dr. Hyk 
.under the Name of Helioscopes, which he efFc&ed by 
various Reflexions, from plain Speculums which he 
placed in a long fquare Tube ; fo that if thefe Reflexions 
were made from End to End, he (hews (to ufe his own 
Words) how * of the Length of the common Tubes 

may 
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■rirriaawaT fer £sor Reflections.- 



mM&& am iagesaons Invention c: :r.e LuLis'i 
rjnJniil fe fir as to he of general Ui : I: -i p''- 
^Jfciagkhc cwizxg to the irnpertec: Minr.*: ::" r-*x- 
£sdldiftnig[ ire 5pecultims a hundred Yri.n 3 -; T .-A 
MfdcfancAScbcsd were to be now re-?.?- :. --. j .?: 
Ueafedwixh bener Succeft : Eat th:j r r. " 7 :■;-*■. :- .■;*_ 

• Rdeckiag Tde&opes ire uacc-cc/:./ v.t i* 

^ttfaai is £c£ra£or3. 
fijfc^ Pray, who was the firi Iznz:".* c: T t'^- 
by Renccaocft - 

b. Tbe irft who has given us any *::.-*£: A v,Vi-.r 
if AimcScat Invention was Dr. Jam: G-*i'.ry t ,;. .% 

Optu* Pr****** which wis pr:v.*/i .-. -^ 

Yevstt* He has there (Page 94,. ttt- -i 
rf dcBjidTdefcope, »ery much the ^.^ ': 
" " oowinUte, w;s« con filing '- r ' 
rcfle&ing concave Spec j I js: f ar - 
aline at the End. whence it wii arjrvr 
ifhlf this Fonn is called, izt O '</-.* 
Bat with Regard co the grea: i?v.... 
Tdcicope, it feems to have heez. zr_i --• 
was of mfmrmMtal Figure. Tis irr.v. 
IbB§ at, was dSffiical- 9 bat af:enrardi ht *. .* • ;, 
_ jSdcnK the Difficulty of acquiring p r.e& r z .rt* r.v*- 
tthncally, Spcodums of a fpherical For :a *«.J v, >c; 

- Fwf&nf I always had aXcdon, :ha: Sir fa: JU„**n 
: wj§ die Inventor of the resecting T*Iticijc . **.'*/, .» 
MC *** the common Opinion r 

Mod People have fuch a Notion ; b-,r 1: ;*v «r- 
I from his Improvement or the Mr:// »:..'.;. -.* 
; to bring them into common U;e: >cr rr.a* £?*i 
1 did* for a long Time, labour with hi* own fit..' , 

in grinding Mirrors, in Metal ar.-i Gj*:., '.: * 

fphcrical Form, and conftru&ed a Teieicopc ».rl* ' jy.i- 
|^— f of his own Working ; and, la£iy 9 '{\t» * - t i » 4 , 
Jf^itmtL of the Whole : From whence the World *«i ;-.»;* 
taught the Nature of Vifion by Reflection, a;. -2 tv,» 1: , . . 
it is preferable to that by Refraction; zrA :.vrr*?'„; ; •*.- 
Theory of the Inflrument, efpecialiy ::.c '.'-v.- -,-.. * 
Part, we owe to Sir Isaac Newton, 
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Euphrof Pray, wherein does the great Excellency of 
a reflecting Telefcope confift? 

. Clean. In this one Particular, that fince (as I hereto- 
fore (hewed you) the Angles of the incident and reflected 
Ray are ever equal, therefore Rays of every different 
Sort falling upon a Speculum, very near to its Axis, wil 
all be reflected to one Point therein, at leaft fo nearly, 
that the Difference is not fenfible in any Experiments of 
Vifion ; and therefore all that Imperfection arifing :Vcm 
the colorific Quality of Rays, in refrafling Tclcfcopcs, 
has here no Place; nor is the Error, from the Figure of 
the Speculum, any Thing like fo great as that from the 
Figure of Lenfes : Thefc Telefcopes, therefore, z-c 
as perfeft in their Nature as any Thing of this KinJ 
can be. 

Euphrof. Me thinks I (hould be very glad to hare an 
Idea of the particular Manner in which Vifion is produ- 
ced, or the Objeft formed in a rcfledtiug Telefcope. 

Clean. I wil! give you as particular an Account thereof 
as poffibly I can, and illuftrate each Part by an Experi- 
ment. 

Firft, with refpeft to reflefted parallel Rays, you mufi 
know that their Focus, or Point, where the Image i» 
formed, is jufta fourth Part of the Diameter of a Spbrzi 
of which the great Speculum is a Segment. 1 hus, k: 
Inftance, you fee a metalline Speculum, which I take cut 
of this Refleftor, and holding it in the Sun-beams they 
are all reflected to a Focus, at 9 Inches from the Specu- 
lum, as you fee mcafured by the common Foot-rule; ar.d 
therefore the Diameter of the concave Sphere, of vhivh 
this Speculum is a fmall Portion, is 4 Times 9, cr 36 
Inches in Diameter. 

Euphrof. All this I perceive very plainly ; ami the 
Image of Obje£ts formed by fuch a Speculum i c , 1 
fuppofe, equal to that made by a Lens of 9 Inches fcczl 
Diftance. 

Clean. It is fo ; and fince the Image and Cbje£l bo'h 
appear under the fame Angle from the Vertex of the 
Mirror, we may reckon the magnifying Power, bytfc* 
firft Reflection, to be 9 Times : Which may be dcrr.on- 
ftrated after the fame Manner as I formerly (he wed by 
Lenfes, which 1 (hull likewifc now fliew you by E*p fn " 
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mcnt. For the fmall Speculum, which you obferve at 
the other End of the Tube, has it focal Di (lance jufl one 
Inch, and therefore if placed juft "10 Inches from the 
great Speculum, by Means of the Wirefcrev/at the Side 
of the Telefcope, then will the Image be in the com- 
mou Focus of both the Speculums ; the Rays therefore 
which proceed from the Image to the fmall Speculum will 
be reflected by it, parallel among themfelvcs, through 
the Hole of the large one; and therefore, if your Eye be 
placed in thofe parallel Rays, you will fee the Obje£t moil 
perfectly in the fmall Speculum, and magnified in Pro- 
portion to the focal Diftances of the two Metals, that is to 
fay, as 9 to 1. I will take off the Eye-piece, then 
apply your Eye to the Hole, and turn the Screw till you 
fee the Object plain. 

Eupbrcj. Let me try this Experiment ; ■ 1 do 

as you direct me ; at length I fee the Object very 

diitin£t, very perfectly, indeed: But 1 fee no 

more than what is in the Face of the fmall Metal, and 
therefore tha Field of View is very fmall :— — — I alfo 
obferve it is magnified ; but I fhould not have thought it 

was 9 Times larger than the Object. 1 likewile fee 

every Thing upfide down. On all which Ac- 
counts, this feems not to be the bed Method of viewing 
Objeas. 

Clnn. You are fo far right, my E*phrofytic\ the Field 
of View mud necefiarily be fmall, as the Eye mud be 

placed fo far from the fmall Speculum; the Im ge 

muft necefiarily be inverted, as the Rays crofs each other 

in the common Focus of the Mirrors : — — But your 

imagining the Object not to be fo much magnified, is one 
of the moft ufual Fallacies of Vifion ; for the Objects 
muft ever be magnified in the Proportion of the focal 
Diftances of the. Mirrours. — The two Metals, as they 
are thus combined, are exactly analogous to the aftrono* 
mical Refrador, except that in the latter, your Eye may 
be placed near the fmall Lens, and by that Means you have 
an amplified Field of View. 

Eupbrof. The fmall Brafs Tube that you fcrewed off, 
and which you called the Eye-piece, feems neceflary to 
render this Instrument compleat ; but in what Refpecl it 
is ferviceablc to tfci* &id f you will pleafe to let me know, 
C/ccrJcus ? 

8 
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Cleon. I will:— *— — This brings me to confider tfor 
fecond Part, or Effect of this optical Machine, which, 
you are to know, is Entirely of the Microfcopickind : For 
the fmall Image, formed by the great Speculum, is fo 
perfect by Reflection, that it will tear to be magnified a 
fecond 1 ime by the fmall Speculum, and therefore may 
now be con fide red as a Mlcrojcopk Obiefi : Beyond which, 
if the fmall Speculum be placed (by Means of the Wire- 
fcrew) a little more than its proper focal Diftance, theft 
the Rays, which fall on h froni the firft Image, will bo* 
now be reflected parallel, ajr before, btrt converging to a 
Focus in the Axis of the TeTefcope produced ; Jor which 
Purpofe, you fee it is ncceflary there (hould be a Hole in 
the great Mirrour for thofe reflected Rafys to* pafs through 
—In the Point where the Rays are united, there will be 
a fecond Image formed from the Firft, and as much ex- 
ceeding the Firft in its Dimenfions of Length and Breadth 
as it exceeds it in Diftance from the fmall Speculum ; and 
therefore you will eafily obferve, that the Effecl of rhe 
Telefcope in this Paft is quite analogous to the Compound 
Microfcopc, whofe Conftru&ion I heretofore explained to 
you. 

Euphrof. I think, in a general Way, I conceive the 
Reafon of all you fay very well ; but (hould be glad if 
you could familiarize it to me by Experiment. 

Cleon. That I can very eafily do. 1 place the Tube 

of the Telefcope in the Direction of the San-beams, 
and then I have made a little Door to open on the Side of 
the Tube, by which you may lool^ in and fee the Rays 
reflected, through a large Speculum, to a Focus jaft at 
9 Inches Diftance ;— — The Image of the Sun is there 
nicely formed, as you will obferve, by my holding this 
fmall Slip of poliftied black Ivory there to receive H; 
which Image, you obferve, is perfectly round, and nearly 
T ^ of an Inch in Diameter. 

Euphrof. This is a very curious Experiment, indeed; 
the Image of the Sun on the black Ivpry is very eafy and 
plain to the Eye, — it appears to be very perfect, indeed, 
and is, I fuppofe, now to be confidered as a Microfcopic 
Object to the fmall Speculum. 

Cleon. It is fo : and you will fee a fecond Image will 
^e formed, by fcrcwing the fmall Speculum backward, 

21 
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upon the Whole, it will magnify o Timet jo, or 90 
Times, and all this in a Length of Tube not greater than 
14 Inches. 

Eupbrof. By this compound Power of magnifying 1 
readily difcern the Reafon, why a reflecting Telefcope is 
fo very (hort, compared with a Refra&or of the feme 
Power, and confequently how much more convenient 
they are for Ufe, as they are eafily applied to a proper 
Stand or Pedeftal, and are capable of a Motioa ewerf 
Way, which not only facilitates its Ufe, but renders it 
vaftly more pleafant and agreeable.— But one Thing I 
muft remind you of, CUonicus •, I remember, fome Time 
ago, 1 afked you what was the magnifying Powei of this 
Telefcope, and I remember you told me, it was about 56 
Times, or fome what more : How, then, does that agree 
with the magnifying Power you now mention of 90 
Times ? 

Cuon. I will foon fatisfy you in that Particular. I hate 
at prefent fuppofed, for your more eafy Comprchenfioo, 
that the focal Diftance of the fmall Speculum is only one 
Inch ; but that is found, by Experience, to be too final!, 
or the Power of magnifying too great, to admit of a 
fufficient Degree of Diftindtnefs and Brigbtnefs in view- 
ing common Objeds, and therefore it is cuftomary now 
to make the fmall Mirrors about an Inch and half focal 
Diftance, and then it will magnify, as a Telefcope, fix 
Times, and as a Micro fcope, about nine limes, and 
therefore the Power of magnifying will be, upon the 
Whole, about 54 Times. 

Eupkrof. 1 apprehend you very clearly, and cannot but 
admire the wonderful Art employed in the Stru&ure, and 
the noble Effe&s of this curious Machine.- But one 

Thing occurs as a Query, which is this : Since the pri- 
mary Image in the Telefcope is magnified by the fmall 
Mirror in the Nature of a common Microfcope, pity 
Cmwtus % would not any fmall Object, fubftituted in the 
Place of that Image, be magnified by this little Mintf 
in the fame Manner, and thereby this Telefcope be 
made to anfwer the common Ufe of the compound Mi- 
crofcope ? 

Clean. I muft compliment you, my Ettpbrofrne, on 

this happy Thought of your'*; for though this r l defect 

is 
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is now of 100 Years (landing, the Ufe you have now 
mentioned of it has never been confidered till very lately, 
nor do you find any Author who has given Directions for 

this Part of the Ufe of the Telefcope : But, to fay 

the Truth, there is no Microfcope can give fo perfect a 
View of an Object as you have this Way ; and I can 
allure you, that this was the Sentiment of a Nobleman" 
of the firft Rank (for whom the Mufes are now in the 
deepeft Mourning) : And whoever has Dexterity enough 
to apply Obje&s this Way, will find their Curiofity 
highly rewarded with the moft exquifite Views of Nature's 
high finifhed Pieces in Miniature ; and that nothing of 
this Kind in Nature cr Art may efcape your Notice, I 
have contrived to make this Method of applying Objefts 
▼cry eafy for your Ufe, viz. in the Telefcope at large, by 
a Door opening on the Side againft the common Focus of 
the two Mirrors ; where a Pair of Plyers are eafily fixed 
for holding any frnall Object before the fmall Speculum 
in a proper Manner, and then, whether tranfparent ox 
opake, it may be viewed by procuring a proper Focus by 
turning the Screw at the Side. 

Empbrtf. I was juft wondering what that Opening, or 
Door at the Side of the Tube, (hou)d mean ; but now I 
fee how perfectly it fuits the Defign :— You'll however 
oblige me with a View of fome fmall Objects in this 
Method. 

CU$n. With the utmoft Pleafure 1 fhal! do it, having 
provided feveral fit Objects for that Puipofe.— — In the 
firft Place, the Ends of the Plyers itfelf, which are placed 
to hold the Objecl, will give you full Satisfaction in this 
Point. ■ 'I put the Cover on at the End, to keep all 

dark about the fmall Speculum when opake Object are 
defigned to be viewed, then turning the Telefcope about, 
lb that the Sun-beams may fall on the Side of the Nip- 
pers next the faid Speculum, you may view the lame 
magnified in a very agreeable Manner by looking through 
the Inftrument in the common Way. 

E*pbt$f. It makes a very delicate Object, indeed, and 
(hews wonderfully well the microfcopic Power of mag- 
nifying in this Inftrument: ■ I cannot but admire the 
fine Colours which appear; how intenfe the Blue, and 
ftrongthe Mazarine! — your Plycis fecm, to the naked 
K a £ye, 
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Eye, a pretty polifhed Thing ; but in this In ft ru mem k 
appears very coarfe, and furrowed with the Teeth of the 
File. But now let me view fome other Objett. 

Clcon. The Skin of a Sole-fi(h is what you have feen 
in Microfcopes, and is what I fliall now put in the Plyen 
for you to view, and form a Judgment of its Appearance 

in the two different Inftruments. It is now placed ia 

a proper Light : Look at it. 

EuphroJ. I do remember feeing the fame Objefl be- 
fore ; but I muft acknowledge I never faw it in that Per- 
fection, and fo diftinftly, as now : 1 cannot fee bow 

it is poflib : e for any Thing to exceed the Delicacy of fucfc 
a microfcopic View. — —Pray, how do tranfparent Objects 
appear ? 

Clean. That you will likewife eafily find by viewing 

one fingle Scale of this Kind in thcPlyers: 1 have 

chofen a large one for this Purpofe, which you may now 
obferve, the End of the Telefcopc being now opened for 
the Sky-light. 

Euphrcf. I view it with great Satisfaction, and 

by moving the Telefcope a little one Way, and the other, 
I find that Light which (hews it to the bed Advan- 
tage. 

Clesn. I next prefent to your View a fmall Piece of a 
Leaf anatomized, fuch a one as you here fee diverted of 
its Skin, and all the green Part, which the botanical Ana- 
ton', ills call the Parenchyma. 

Euphrcf. Why this Leaf, CiesrAcus, is one of the fineft 
Objects 1 ever law, without being magnified at all ; but 
as its Texture appears fo delicate, it certainly requires a 
magnifying Glafs to (hew it to its utmoft Advantage: A 
fmall Piece of that muft certainly make a fine microfcopic 
Object. 

Clean. A Piece of an dfpen-kof is now in the Plycrs, 
to gratify your Curiofity. 

Euphrcf. And a great Curiofity, indeed, it is to view 
it ; what wonderous fine Branchery and Ramification 
through all the Parts, appear .'—How amazing are all 
the Works of Nature, in thefe artificial Views! 

Cleov. Thefe In (lances lufficiently (hew how excellent 
a Part of the Telefcope has hitherto pafled unnoticed by 
the Public, and how very incurious they have been abo u * 
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the Improvement of fo noble an Invention : But a 

farther Proof of this we have in the deficient Structure 
thereof, by all the Opticians hitherto, who, from Father 
to Son, have gone on in one common Track of limiting 
our View of all Objedls to the Diftance of 60, So, or 
100 Feet, according to the different Sizes of the Initru- 
merit ; fo confined and indelicate were their Notions in 
the Mechanifm of this Inftrumenr, that they never con- 
fidered it as capable of improving the Sight for near Ob- 
jects; — they left us to the dull Satisfaction of diftinguifti- 
ing a Fly from a Bee, a Wafp from a Hornet y or an Anemony 
from a Jonquil* &c. by the natural Sight, as if the ge- 
neral Form and Appearance of Objedls were all that we 

were to be folicitous about : But they who know the 

Pleafure of the more improved and refined Views even 
of common Objects, cannot but look upon the ufual 
Structure of our reflecting Telcfcopes as very imperfeft ; 
every Obj eel about us we view with a naked Eye, ap- 
pears fo (trangeiy altered by the Telefcope, that you 
icarce know what you look at. I could engage to (hew 
you many of them, without your being able to guefs at 
the Subject, though ever fo well known in a vulgar 

View. 1 (hall now try you with an ObjeS you are 

. well acquainted with ; but had 1 faid nothing to you, I 
am well afiured you would not have had the lcaft Idea of 

it, even from the mod perfect View * for this Pur- 

pofe, turn your Back for a Moment, and be upon Ho- 
nour not to look upon any Thing but through the Tele- 
fcope, when I fpeak. There it is ; tell me what you 

fee. 

Euphrof I do not know that I can prefently, — it is 
fomethiog vaftly large, with a great Elliptic opening at 

oneEmi, clofed in a fphcrical Form at the other, — 

pier ail which are a Number of large deep Holes in pro- 
per Arrangement, each one big enough to hold a Bullet ; 
« " - ■ t he Whole feems-of a huge cylindric Form ; and I 
do really think, had you not been fpeaking of this Sort 
of Deception, I (hould have formed no Idea of the Thing 
*t all ; but as the Cafe (lands, I judge it muft very much 
*e/emble a Thimble y which Gulliver might have teen on 
the -dinger of. the Brobdingnag Woman at work with a 
/Needle. 

R3 
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Clco*. The Conceit is very juft ; for the Appear* «"» cc 
would have been much the fame as your fmali ihinr* - *^** 
thus magnified, by the Megascope: For now this Inflfc^* J 1 * 
ment leaves the Name of a Telcfcopc, which denotes ll8 

(hewing dijlant Ohjefis only ; but when we come to tf^K^T 
k for viewing Objefts that are very near, it is calltri * n 
Engyscop. ; and on Account of its (hewing all the \z*~^^ a 
Sort of Objtfts, flill much larger than they appear to ■£■ he 
naked Eye, it is called a Megalascope. 

EuphroJ. It is on this Account, I fuppofe, that ^cne 
foialler Sort or refle&ing Telefcopes are made wit*» * 
Drawer, or Tube, to Aide out by Means of Tectb ^^ ** d 
Pinion on the Side. 

CUon. You are right, my Euphrofym 9 that is the 1 — -* c- 
fign of this Conftrudiion ; for by that Means you t*'*?1 
lengthen the Tclefcope as you hoid it in your Hands * or 
viewing any Object in the Room wheie you (it, or ^~*v 
where about you to the Dillance of within 2 or 3 Fg^^" 1 * 
for let the Object be placed where it will, you need &M--*-* 
diredt your Telelcope to it, and, turning the Screw o^^ 
or twice round, you will be prefented with a new and *^~ 

lightful View of the fame. Here, take this ^ n ^^^ e 

merit, and look at any Thing you pleafe about *?^ 
Room. 

Euphrof. I will : And firft let me look at the ^^^'x 

pet. How very coarfe the Texture and Colours appe^^ ' 

an odd Figure it makes, indeed. Next, I view ^ ^ m 

Blind in the Window, which looks as coarfe as Wi. *^ +yt 



lattice, inftead of Linen-Cloth. — I now turn the 1 ^— ^ 
to the Horie-hair Bottom of the Chair ; and thefe Iflw^^^^d 
never have known, had I not firft fcen them with a nal^- <m 
Eye: I hey look more like Hurdles of polifhed Wl» ^ 
bone. — I next direct it to the filvered Plate of the Ba ^^1 
meter, where the Glafs-Tube, with the Silver in u 

appears as big as your Walking- Cane, and I can plai^^^ j, 

fee the Index ftand at Fair. 1 (hall next remove 

to the Fruit-piece, and there I obferve the Difh of Ni 
urines, Grapes, and Filberts, as natural as on the Tal 
itfelf. — I view my Grandfather's Pifture, and it gi« 
Life and Relievo to the Face of the old Gentleman ; " 
Face, his Nofe, and Lips, all project in fuch a Mann- 
as if coming out of the Canvas. 
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■ CUon. Thefe Objects may afford you a fine Entertain- 
ment within Doors *, but now throw up the Sad), and 
▼iew the glorious Scenes of Nature over all the Garden be- 
fore you : And this I (hall propofe for your Amufement 
while 1 withdraw, at prefent, to mike good an Appoint- 
ment. 



DIALOGUE X. 

Of the genuine ConftruEtion (/Reflecting Tele- 
scopes, andalfoofa new proportional Camera 
Obscura. 

Cleonicvs. 

IN our former Conversion on the Subject of reflect- 
ing Telefcopes, I obferved to you, its general Na- 
ture in affifting the Sight to difcern mod perfectly all 
Kinds of Objects, great or fmall, remote or near at 
Hand : I have likewifc farther obferved, that the Errors 
of ViGon, by Reflection, are incomparably left than 
tfaofo by Refraction, and that therefore the reflecting Te- 
lefcope it juftly e (teemed the mod perfect of all optical 
Inftruments ; and then, with regard to the Conftru&ion, 
I have* (hewn you how that is to be improved for a more 
general Application and Ufe of it. But there is (till one 
Thing remaining, which I think, you ought to be ap- 
prized of, and that is, that the reflecting Tclefcope, in 
its prefent Form and Con(tru£tion, is not made to anfwer 
that Character truly, or it is not, properly fpeaking, a 
fttrw refltfting Telefcopt ; but its Effect is produced partly 
by Reflection, and partly by Refraction, and therefore 
called, by Opticians* a Catadiopric Telefcope : Whereas* 
that which produces ViGon wholly by Reflection is pro- 
perly called a Catoptric Telefcope \ of which more at an- 
other Time. 

Empbrof. How do you propofe to explain to me the 
Conftruttion of the reflecting Telefcope? 

Clnn. I have already (hewed you how the Metals and 
Ghnes are placed in this Telefcope, which are fuch as are 
exprefled in this Figure (See Fig. 1.) where A B E H is 
the Tube of the Telefcope, and CPD the Eye-piece 

R 4 at 
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at the End, B E the great Metal with the HoleC D in 
the Middle, G H is a Stem or Foot on the other End, 
which fupports the little Speculum xy\ in the Eye-piece, 
W X is the firft Glafs, or that which is next to the 
great Metal: Y Z in the fecond Glafs, or that next the 
Eye at P. 

Euphrof. This I know is the Difpofition of the Glades 
in the Telcfcope I have feen ; but now, how the Image 
is formed by Reflection and Refraction both, you will 
plcafe to explain. 

C ; eon. 1 will : In order to which, Jet a c and b irepre-r 
fent two Rays proceeding from a Point, of a very diftanC- 
Object, placed in the Axis of the Telcfcope; they wjUV 
after Reflection from the Points c y d y in the large Metal^ 
be converged to a Point c in the faid Axis : And, in like^ 
Manner, Rays proceeding from all other Points of thaC 
Object will, by the ^reat Speculum, be converged to (o*~ 
many other Points at the Diftance O e, where they will 
all together form the Image of that Object I M. 

Enphrof. This I well remember you (hewed me, in 
explaining the Nature of concave Mirrors of Glafs; and 
moreover, that thePofition of the Image I M is contrary 
to that of the Object, or inverted. Laftly, I obferved 
that this Image I M is formed wholly by reflected Light : 

But, pray, CUomcus^ let me afic you one Queftion » 

how comes it to pafs that the Image is perfect and entire, 
when there is fo large a Hole in the Center or Middle of 
the Speculum ? I fhould have thought that Hole would 
have occafioned forne Deficiency in the middle Part of 
the Image. 

CUen. Not at all, my Euphrofyne; for you will eafily 
perceive that any fmall Part of the Speculum alone may 
be confidered as an entire Speculum of itfclf, and will 
form the Image, or Appearance of any Object, as well 
as the Whole, only the Picture will be lefs luminous in 
Proportion as the Surface is lefs; and this is the Reafou 
why, when a Speculum is broke into ever fo many 
Pieces, every Piece, great or fmall, forms the fame Image 
6f a given Object, in every refpect but that of Bright- 
nefs ; and therefore the Hole in the Middle of the Metal 
avails no more than it would do to flick a large black 
Patch any whers on the Surface of an entire concave 

Glafs, 
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£»Iafs, which you would find would make no Difference 
at all in the Appearance of an Image, or prefpective Pic* 
**ire, formed thereby. 

Eupbrof. I apprehend you very well, and (hall inter- 
rupt you no farther in this Matter. — What do you next 
^tiferve in the Structure of this Inftrument? 

CUofj. You are to take Notice, that the Point/ is the 
iblar Focus of the fmall Speculum x y> and therefore by 
moving this Speculum to the Diftance G e % greater than 
its focal Diftance G /, the Rays c y and e x , diverging 
from the middle Point e of the Image, will, after Re- 
flection at y 9 x y be made to converge to fome diftant 
Point in the Axis at k \ but, in their Paflage at n 0, are 
intercepted by the firft Glafs W X, and by it are refract- 
ed to a Point nearer to the Glafs at K, in. the Axis of the 
Tube ; alfo, two other Rays, I G and M G, proceeding 
from two extreme Parts of the Image I M to the Center 
G of the fmall Speculum, are from thence mutually and 
alternately reflected on contrary Sides in the fame Direc- 
tion towards the diftant Points M I; but in their Way 
are intercepted by the firft Eye-glafs in the Points W X, 
and from thence refracted to the Points R S ; and there- 
fore the fecond Image is R K S, and is formed partly by 
Reflection from the little Metal xy y and partly by Refrac- 
tion through the Glafs W X : And hence it is, that. the 
Inftrument, in this Form, partakes of the Nature of a 
reflecting and of a refracting Tclefcope, and is of a middle 
Kind between both. 

- Eupbrof. And therefore, of Courfe, it muft likewife 
partake of the Advantages and Difad vantages of both 
tiiofe Sorts of Tclefcopes: The principal Imperfection, 
I fuppofe, is, that arifing from Refraction through the 
Glafs W X. 

Cleon. You obferve rightly, my Euplirofynij that is an 
Objection that^a Catadioptric Telcfcope is liable to ; the 
fecond Image cannot be formed without a colorific Refrac- 
tion, and therefore cannot be fo perfect as one that is 
formed wholly by reflected Light •. At prefent, I have 

another 



# N B. We have thought neceflary to illuftrate the Doclrine 
cf rcflc&iog Telefcopes by Figure I, of Plate 48, as it will 

gtcat|y 
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another optical Inftrument to defcribe, which I fancy will 
give yov equal Pleafure with many of the foregoing. 
efpeciaily as it contains, in a fmall Compafa, a general 
Praxis of optical Experiments : The Inftrument 1 mean 
is a new proportional Camera Ohfcura. 

Eufhrof. It is a pretty Instrument, I allow; bat bow 
does this differ from rhe common Camera Objcuraf 

Cltm. In three Refpeds : Firft, m the Form; but 
this is the leaft of all material. — Secondly, it forms an 
Image in any aflignable Proportion to the Obie£t, in all 
Degrees below Equality. — Thirdly, fVilforfs Microfcope 
if adapted to it, for exhibiting a large Image of any very 
fmailObjea. 

E*pbr*f By what you have faid, deon'tcus, I fuppofe 
the TJfe of this Camera is principally for Drawing, 

CUvn. That is the chief Defign of it : As the Arts of 
Defign and Drawing are very innocent, inftru&ive, and 
ufefu), they ought to be confidered as a Fart of the polite 
Education of every young Lady and Gentleman of Ge- 
nius ; and therefore all Helps (hould be furniflied for ren- 
dering them eafy in Practice : And as every An proceeds 
at firft from Imitation, fo do thofe more efpeciaily which 
are relative to Drawing and Painting, and the better 
the Originals are, the more exaft and exquiCte will 
be the Improvements that are acquired by copying of 
them ; and it is well known, that Nature's Drawings, 
Perfpe£rj*e, and Painting, are in themfelves moft perfect, 
and therefore ought to be propofed in the firft Place for 

Imitation. 

greatly ^fiirt the Imagination in reprefenting the Courfe of the 
Rays of Light, by right Lines drawn in the Manner as the 
Ray? are reflected by the Speculums, and refracted through 
the G!alTe5, as we could no: (o well give a Representation of 
the Sun-beams palling through this Initrument in a darkened 
Room, as we did for the il-ve.-ai Sorts of refracting Telefcopes 
in Plate 47 ; alfoin Figure il. we have (hewn how the feveral 
Pencils of Rays proceeding from the Points of a diilant Object 
O B are refracted by the GLfTesof a common Telefcope, o/.-s, 
the Object-glafs x z, and the three Eye-glafles a S t p q % c r, 
lb as to produce dill in (ft Vifion upon the optic Nerve in the 
Eve in the inverted P.ciure r s p ; by obferving the Courfe of 
ihofe Rays, or Lines, the Reader will have a better Idea of 
what was delivered on this Subject in a former Dialogue. 
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Imitation. They who do not draw, or defign, from 
Nature, in eflfelt do nothing, as neither Spirit nor Sub- 
limity can be found in any other Compofitions : But in 
order to qualify a Perfon to copy Nature with Art and 
Judgment, he ought firft to be acquainted with the Na- 
ture and Rule9 of Perfpe&ive ; for Nature, it is well 
known, is all Perfpe&ive to the Eye. If we take a Sur- 
vey of Fields, Gardens, diftant Towns, fcfr. they all 
appear to the Eye as if reprefented on a tranfparent Plain, 
placed perpendicular, to the Horizon at a fmall Diftance 
from you. 

Euphrcf. If then I take you right, Cltmicus, you mean, 
as yonder Fields and Meadows appear on the Glades of 
this Safh- window to my Eye, viewing them here in the 
Room? 

Cieon. Exactly in the fame Manner, my Euphnfyniy*- 
all the Ground beyond the Window, which you fee, 
rifes on the Giafs plain, and, by Degrees, the Parts 
leflen to the View as they are more remote, till they be- 
come very indiftin&, and gradually difappear in the molt 
diftant Part which you fee, and is called the perfpe&ive 
Horizon on the Window. 

Eupbrtf. In what you have now faid, you feem to have 
defcribed a vifual Landfcape on the Window. 

Cleon. The common Landfcape is only the fame Thing 
in Oil-colours on the Canvas, if executed by trie Rules 

cf Art. 1 only take this Opportunity to convince you, 

chat all pidurefque Reprefentations of Nature are ftrifily 
limited by perfpe&ivc Rules ; and they who do not there- 
fore obferve them in their Drawings, and Defigns, mult 

never expe£l any Praife for their Performances. Now 

as all thofe Imitations of Nature are a Sort of Miniature- 
punting (for the largeft Landfcape is only a perfpeftive 
Keprefeutation of a large Field of View in a fmall Com- 
pafs) therefore, in order to facilitate fuch a Practice, 
Art fupplies manifold Helps to that End. — A Perfon the 
moft fkilful in Perfpe&ive, and in the Art of Deilgning 
fucceeds but ill in Landfcape- painting, without long 
Practice in the common Way, or other wife by having Pie- 

courfe to their Afliftance, What I mean regtinis that 

Variety of artificial Pictures and Landfcapes that are 
made by different Sorts of GJaffes ; for you very wdi 

know, 
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Vnow, that no poliflhed Mirrour .'can be cxpofed to a 
Building, or diftant View, but there immediately refults 
an extemporaneous Picture of the fame in true Pcrfpec- 
tive, .if the Glafs be of a proper Size. 

Eupbrof. This I hare oftentimes, with the higheH 
Pleafure, obferved, and I think nothing can compare with 
.the Beauty and Perfection of thofe Landfcapes that I have 
feen formed. by Jarge convey Speculums. — Thofe Pictures 
which you (hewed me in the darkened Room, fomeTime 

ago, are of the fame Kind, but inverted. In fhort, I 

often amufe myfelf with the picturefque Appearance of 
Objects, by Reflection of ajmoft every Kind of Glafs that 
^omc.3 in my -Way. 

deon. As thofe Glafics give fo juft and artificial a 
Reprefentation of any particular View of Nature, they 
have been much ufed in thofe Sorts of Infiruments -called 
portable Camera Obfcurai* becaufe in them the Artift can 
eafily obferve ihe true Difpofition of all the Parts of the 
Piece he intends to draw, the Contours or Out-lincs of 
the Figures, the perfpedtive Diminution, the C/ar+fiuro, 
qr the Light and Shades, with every other Civcumltance 
necefiary to he obferved in forming the perfect Picture — 
But after all, this lnftrumcnt is not perfect in a principal 
Particular which I mentioned to you before, and that is, 
the Artiir, by a com men Camera, cannot draw any parti- 
cular Building, or other Object, in a given Proportion 
of Magnitude, as is often required; and therefore I have 
contrived this, which you here fee, to fupply that Defect. 
Euphrof. By what Means is this effected ? I fliould be 
glad to find myfelf capable of understanding the Jleafoii 
of it. 

Cleon. That I will endeavour to (hew you by Experi- 
ment. When Objects are at a very great Diltance, cr 

fo remote, that the focal Distance of the Glafs bears no 
Companion to their Diflance, then the Image or Pic- 
tures of thofe Objects are formed in the Focus of the 
Glafs, and bear no fenfible Proportion of Magnitude xo 

the Objects : But in Cafe of Objects near at Hand, 

their Pictures become larger, and will bear a fenfible Com - 
parifon with the Object, viz. the Proportion of their Di- 
stances from the Glafs, all which I have formerly obferved 
to you, and (hewed you by Experiment. 
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Euphrof. I remember you did ; and I can eafily under- 
ftand, that as the Objed approaches the convex Lens, the 
Image will recede from it; for as the Diftance of the 
former decreases, fo that of the latter will incrcafe, and 
the Size of the Image will alfo increafe along with it : 
And according to this Do&rine I can eafily conclude, that 
theDiftances of the Object and the Image may at Length 
become equal, and that consequently they themfelves will 
become equal alfo ; but what the Ratio of thefe Di fiances 
is, for any given. Proportion of the Object to the Image, 
1 prefume the Learned only can know. 

Clean. I can eafily fupply you with a Rule for deter- 
mining the fame ; but as it will be different for every 
different Sort of Glafs, I (hall not pretend to trouble you 
with it, having put it in your Power, by Means of this 
Inftrumcnt, to form the Image for any Objed equal in 
Magnitude to the Object itfelf, or in any Proportion lefs, 
at Flea fu re, from one to a hundred Times. — One Thing, 
however, I think is a Matter of fome Curiofity, and 
therefore proper you fhould know, viz. that when an 
Image and Object are equal, their Diftance from the Glafs 
being alfo equal, will be juft double the focal Diftance of 
the Glafs. Thus, fuppofing the focal Diftance of a 
Glafs was nine Feet in a fcioptric Ball and Socket, 
placed in the Window-fhut of a dark Room, then if you 
•were to place yourfelf before the Window, at the Dif- 
tance of eighteen Feet, a Pcrfon in the Room will fee 
your Face of the fame Magnitude as it really is, on the 
Scieen at the Diftance of eighteen Feet from the Win- 
dow. In the fame Manner, if the Glafs were but ten 

Inches focal Diftance, any Objecl placed before it, at the 
Diftance of twenty Inches, would have the Image form* 
cd on the Screen at the Diftance of twenty Inches from 
the Window ; and this is the Cafe of one of thefe GlafTes 
-which belongs to this proportional Camera Objcuta^ 
-which being fcrewed on in the Front of the Box, and 
being then drawn out to the Diftance of twenty Inches, 
marked on a proper Scale, whatever Objefl is placed be- 
fore this Glafs, at the Diftance of twenty Inches, will 
have its Image formed on the Glafs of an equal Size with 
the Objecl. 
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Euphrof. Let mc try that Experiment with my Snuff- 
box, which I will place in an advantageous Light:— — 
Now let me draw out the Glaft to the Di fiance of ^ 2© 
Inches,— and then I move it forward and backward till 1 
fee the Image perfect;— and then, as youobfervc, * 
fee the white enamelled Lid, and the whole Box juft of *° 
equal Size. 

CUm. Then there let it reft, till I meafure the Dift*** cc 
with this Rule, — which, you obferve, is juft ao In^* 1 ^ 
from the Glafs to the Box, the fame as the Diftanc«r °* 
the Image. — And hence you fee how eafy it is to A*** 
any Object, not larger than the Glafs, of an e<l oa ^ 
Bulk. 

Euphrof On the Right-hand Part of the Copper-p* atc 
Paper, on the Drawer, is a double Row of Figures »p P°* 
fitcly placed by the Scale of Inches; pray, what do cfc* e J 
denote ? 

Cleon. They fhew the Proportion of Magnitude bet*^ ^^ n 
the Object and the Image when formed on thcC^V* [ 
when the Drawer is moved or fet to any of thofe P vW:% ^^l 
lar Numbers: Thus, for Inftance, if I move it to cl ^ 
Number 15 or 10, then is the Glafs 16 Inches anii _"*n 
from the End ; and whenever an Image in that Sim** 1 ^ 
is formed in the Glafs, its Size, or Dimenfion of Lc**^5 
and Breadth, will be to thofe of the Object as 10 to 1 ^ ^ 
Eupb'of. After the fame Manner, I fuppofe, if I rr» ^ c 
the Drawer to 15 Inches on the Scale, the Outlines df c « c 
image then formed on the Giafs will be to thofe of * 
Object in Proportion as 10 to 20, or juft half as big. ^. -fll 

Clton That is the very Thing ; you there rcprcT^ 
the Object of half its natural linear Dimenfions. ^ $ 

Eupljrof. But I obferve in that Scale, the Proporti ^ 
go no farther than of 30 to 10. - (C 

Cleon. It is true ; when the Drawer is moved q *"** j 
home to the Numbers you mention, the Length ^ c 
Breadth of every Image on the Glafs is juft | ParC 
that of the Object, — and this is as far as we can cor* r 
niently go with a Glafs of 10 Inches focal Diftancr_ ~~*7 
But now, if we take that out, and place in another & ** 
of 15 Inches local Diftance, then with that we can *~° r 
an Image in any Proportion lefs than the Object, £* otD 
that of 4 to ,[, Part. j 
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Euphrof. For this I obferve you have a Scale on the 
Left hand Side of the Paper,— and that when the Drawer 
is moved quite out to 20 Inches, the Proportion is then 
as 1 to 3. — If I move it to 18 Inches, the Proportion is 
that of 1 to 5. — Again, 16 Inches and {- gives the Pro 
portion of 1 to 10 ; and thus, I obferve. by moving it to 
the feveral Numbers fucceflively on this and the other 
Scale, I can form an Image in any affigned Proportion lefii 
than the Objett, by ufing the proper Glaflea* which, on 
many Occafions, muft be very convenient. 

Cleon. The young Artift will always find Oocafion for 
drawing of Objects lefs than the Life, and oftentimes 
of a given Size, whieh he may do by this Camera as well 
as by any other, and have the Plcafure of feeing at the 
Tame Time the Proportion between the Image and the 
Object : But of this I have {aid enough to give you a 
clear Idea of the Nature and DcCgn of the lnitrument, 
and (hall now leave it with you to render the Ufe of it 
more familiar, by Practice, and to make it a Part of your 
Amufement at leifure Hours *• 



DIALOGUE XI. 

Concerning the Transit of the Planet Venus, and 
its Egress from the Solar Disk, on June the 
6tb 9 1761, in the Morning; together with fom? 
Calculations relative to the Elements of 
her Theory. Alfo of the Satellite fufpofod 



to attend her. 



Euphrofyne. 



A 



T Length, the long cxpe£U4 Morning came, and 
the univcrfal Phenomenon viewed to greater Per- 
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• 1 thought it not nqcefiVy here to fay any Thing of the 
Ufe of the S*J*r Mure/cope, fince that will not be difficult to 
any one acquainted with that Jnftrumeot already fo folly de- 
icribed. This ngw portable Q intra Qtfcura u (hewn in Fig. 
1. of Plate I. 

fcflion, 
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fcftion, than could be expefled from the Weather fof 

many preceding Days. Well, I cannot but fay, t 

viewed the glorious Spectacle with more exquifite Plea fori 
and Satisfaction, than ever 1 beheld any other Object in 
the whole Circle of the Creation ; and to other admiring 
Mortals, as well as myfclf, I make no D'oftbt but (he* si p- 
peared mort deferable and eligible in her fable Drefs, th an 
when arrayed with alt the Splendor of the Morning; - 
Phofpborus and Hefperus are indeed molt glorious Con- 
trails of what (he appeared this Day upon the Sun :' — 

Diverted of all her ufual Radiance, (he (hewed hcrt^ll 
in the natural Simplicity of a dark, or opake Pfcti* ^"> 
fo large, fo black, fo perfectly round, Vnd uni- 
form in her Motion, that (he anfwercd perfectly to ^ 
the Ideas of Expeditions that had been formed from e v ** 

ry Prediction of this great Event. And finr^ I 

have had the Pleafure of obferving this Pbaenomenon, I 
mult defire you to give me fome Account of the fame, and 
how you apply it to the Ufes you formerly mentioned *° 
me. 

Clean. The Morning, upon the Whole, proved -very 
favourable ; the rifing Sun would have been an acceptable 
Sight; but this was not permitted to us at London, though 
in many Parts of England, they had the Satisfaction of 

viewing it the whole Time. However, we had, as if 

for the Purpofc, a clear Sky, for obferving the eric tcA 
Moment, which was that of her Egrcfs, or Emerfi? n 
from the Sun's Diflc: Which gave us a fair Opportune 
of obferving, to nearly a Second of Time, the Mom* 11 * 
when (he touched the Limb of the Sun internally 3 n " 
externally, and thereby to determine the Space which ^ ie 
parted in her vifible Path during the Time of herEgr^' s: 
Which Space, were it accurately afcertained, would •* 
of the greateft Confequence for fettling the principal 2£"' 
merits in the Theory of this Planet's Motions. 

Euphrof. I do not then wonder that you and fevr** 3 * 
other Gentlemen were fo very attentive to that Particul^^ 
and that you were fo very bufy with your Watches in 0^ m 

ferving thofe Moments of Time. But were you ft* tC 

that your Watches were perfectly ri^ht, or that l\i € 1 
(hewed the Time of thofc Incidents truly i 
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*• They were adjuftedby Regulators the Night 
; but whether they were qca£t as .to what the A- 
rnqrs call the mean Time, was not Co much the 
cm here; the principal Thing, in regard fa the 
, was the Divifion of it into Seconds ; for by this 
; we could obferve, yearly to a Second ol Tjnie, the 
:nt that the Planet. touched the Sun's Dip: inter- 
ind alfo the external Conta&, within a few Seconds, 
if you remember, I told you that ftnus at this 
yery accurately defcribed fyur Minutes of a Pcgrec 
H*ur % or 60 Minutes of Time, and therefore; one 
e, or 60 Seconds of Motion in eaqh Quarter of an 
or 15 Minutes of Xinae; which is at the .Rate of 
econds of a Degree for a Minute, 'that is, 4'' for 
Second of Time; from whence you mu/t obferve, 
few Seconds of Time in the Puratipp of the.E- 
n will produce no fenfible Error ip ^ the Space de- 
I by the Planet in that Time. 
brof. I farther obferve, that you were not a little 

I about the Size or l)imqnfions of the planetary 
and that you took Notice in particular bow far it 
Oft of the Number of Seconds which l5r. Halley 
in his Diflcrtation. 

r. This is another Point pf no fraall Importance 
s .perfe&ing the Theory of this .Planet, as without 
reat Ufe could be made in Calculations depending 
rcexa& Time, or Space defcribed in the Emcrfion* 

II illuftrate to you more particularly in a Very large 
m by- and- by, which (hall be a Representation of 
t'sDiik 8 Feet m Diameter, and that of the Planet 
es, by which every Thing relating to thofe.PSarti- 
wlll be evident by Infpedion. — Dr. Halley made 
imeterof this Planet 75", whereas (he* appeared by 
rifucement not to be 60*. I had preyed an In- 
U for meafuring the Diameter of tjie jRla&et with 
ateft Exadnefs, but found it was impoffible to 
i in a public Company, 

\rof. By thefe Obfervations you can afcertain the 
f the Diameter of the Planet to. that of the Sun ? 

• Yes, pretty nicely ; for Dr. Halley gives 31' 5 i'* 
' for the Diameter of the Sun : But by meafuring 
accuracy by the Micrometer, a. few Days after 

• II. S the 
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the Tranfit, T could not make it lefs than 32' or 960"} 
and fuppofing that of the Planet was nearly one Minute, 
their apparent Diameters were to each other as 32 to 1.— 
By this Experiment of the Tranfit, we find how much 
more accurately the Planets are to be meafured when di- 
verted of their Luftre or Radiance. 

Eupbrtf: I remember you cold me heretofore, that 
this Planet was near as big as the Earth ; but fince you 
have now found her Diameter lefs than was ufually efti- 
mated, I fuppofe (he will (hrink to a lefs Bulk, and we 
(hall now have a greater Superiority over that Planet in 
regard to Magnitude than was heretofore fuppofed. \ 

Clem. Yes, (he now dwindles very much indeed ; the 
Magnitudes of all Bodies, viewed at the fame Diftance, 
being in Proportion to the Cubes of the Diameters : Now 
the Cube of 75 to that of 60, is as 412 to 21 6, and 
therefore the Planet is, by this Obffcrvation, reduced to 
nearly one half of its former fuppofed Magnitude, or to 
little more than half that of the Earth, and mult now be 
reckoned the leaft of all in the Heavens but one, viz. 
Mercury \ whereas, heretofore the Planet Man was 
thought to be fo.— However* her Magnitude isfo very 
considerable, that, in regard to her Vicinity to the Sun, 
{he makes the mod refplendent Appearance, and has al- 
ways been regarded as the mod beautiful of all the pla- 
netary Syftem, infomuch, that the Goddess of Beauty 
herfelf was honoured with her Name. 

Eupbrof. This Phenomenon of the Tranfit of Vetmi is 
looked upon as a great Curiofity, I fuppofe, on Account 
of its happening fo very rarely ; but what may be the na- 
tural Reafon, or Caufe of this, I fliould be glad to know, 
Cltoniiuu 

Cleon. You will eafily perceive the Reafon of it, when 
you recoiled what I have faid concerning the Limits of 
folar and lunar Eclipfes, and efpecially if, with that, we 
conftder the Smallnefs of Vtnufs Diameter compared to 
that of the Sun, and the long Intervals between the Con- 
junctions of this Planet which produce a Tranfit ; and, 
laftly, the great Proportion which the Velocity of the 

3£arth bears to that of Venus in her Orbit. * But 

jo be more particular : You are to con tide r, (1.) That if 
Vinus was. to move ia an Orbit in the Plane of the 

Ecliptic, 
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iiptie, (lie would then appear to pafs over the Face of 
Sun in every inferior Conjundtion, which would be 
n the Space df one Tear and 8 Months nearly. (2.) 
But the 0*bit of Venus does really make an Angle with 
the Ecliptic of nearly three Degrees and a half, and there- 
ire th? Orb of the Planet cannot poQibly be feen on the 
iru unlefs fiie happens to be within a certain Diftance 
" ihe Node at thofe Conjun&ions; and though the In- 
< tin ition of the Planes of the Ecliptic and her Orbit be 
fo fmal I, yet, on the Account of the Smallnefs of her 
Diameter, the ecliptic Limit on cither Side the Node 
would be fomewhat more than four Degrees, if (lie were 
to be viewed at thofe Conjunctions from the Earth at 
feft. (3.) But the Earth and Planet being both in Mo- 
tion, and fince Venus moves at the Rate of four Minutes 
in"an Hour, and the Earth 2' 2^ per Hour, their Velo- 
cities will be in Proportion as 240 to 148, the Difference 
of which is 92" : And on this Account the angular Mo* 
tion of Venus from the Ecliptic (as viewed from the 
Earth in Motion) will be increafed in the Proportion of 
240 to 92 ; and therefore will amount to near eight De- 
grees aud a Half : Hence, as her vifible P.ith makes fo 
great an Angle with the Ecliptic, the Limits of the 
Tranfit will be greatly contracted, or will not amount 
to more than one Degree and three Quarters on each 
bide the Node, inftcad of 4 Degrees and |, as before. 
From hence it will appear, that Venus and the Sun muft 
be very near the Node at the inferior Conjun&ion, for 
any Tranfit to happen : And of Courfe, fince (4thly) 
the Intervals of thefe Conjunctions are fo great, the 
Chance of the Sun's being within the TranGt-limit 
when Venus comes round to the Node, is confequently 
very great alfo ; and therefore it will appear, upon all 
thefe Accounts, that Venus can be very feldom feen upon 
the Face of the Sun. But I (hall take Occafion to illu- 
ftrate thefe Things, by a large Diagram, at another Op- 
portunity. 

Euphrof. You will by that much oblige me, though 
I can very eafily apprehend the general Reafon of all that 
you have now faid, from the agronomical Principles 
which I have heretofore received from your Inftrufticns. 

■ But now, CUonicuSy let me know what kind of 

S 1 Ufe« 
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Vies f<m intend jto make of yonr Qfc fer rati on < 
Tranfrt, . ... ■ >-...-> 

Cfa». AstbeBcgimiogof dKiT««iik 
icjbferved in Emgknd, the greet or general' Btfign, 
•of making a proper Eflimationof rtfafe JWe^yfek 
•could not be pretended to, this Anftbe left to _a 
Ttfon of many Obfervttionssthat are made in k 
•tent and diftant Places, where the rPanlkxeotf 
tilde and Latitude fevonfiiar Detig»if» the _ 
free; and this will be a- Work of fpror TiftiC 
when all the Operations that have becn<rsadelttre^£~ 
proper Degreet of Accuracy, are compared* llie :P 
of Vntuf& vifiblePath upon the Sun wili benearif 
tained : Alfo her vifihle Latitude at- the Conjonfrjqn, 
Place of the Node, will be deduciblefrom thonce^waicl* 
are Points of the utmoft Confideratien to be fettled in tWe 
(Theory of this Planet's Motion. I have i prepared a -Kb* 
.gram that may ferve to give you feme 'Idea of *kat I 
mean relating to thefe Subjects : That Part of the San 
en which the Planet appeared to us, let ue fuppofe m be 
reprefented by HL1MN # , the Center of the San S> 
MH a Part of the Eclipfe, an 4 CD th^ true Path of the 
Planet as viewed from the Center of the Earth,: patalkl 
to which is the Line SK, making an Angle ^wuh-.ths 
Ecliptic HSfC of 8 Degrees and aS Minutes, the Aagte 
of Venus'* apparent Motion, which I juft now mention^ 
unto you; and let APVB reprefent the- Curve-line.Patk 
of Venus' $ vifible Motion on the Sun's- Diflc. 

Eupfjrof. I (hould be glad, CUonicus* if yon would ^ 
me why the vifihle Path is not a ftrait Line, as well as d* 
ttue Path CD. 

Cleon. The Reafon of that youAviH tmderftand as (bo* 
as you confider, that the Difference- between the true 
and apparent Place of the Planet is occafioned by its P** 
rallax, as 1 have formerly (hewn* you, and which .Earal* 
lax, deprefles the Planet below its- true Place, and mO fC 
fo in Proportion as the Planet is farther from the Zcni^ 1 * 
or nearer to the Horizon v» and consequently when t^ 

Plan** 
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*Phnet appeared in the Horizon at A at Sun-rifing, it 
then deprefled below the true Path at C by the whole 
(Quantity of the horizoctal Parallax, which is more than 
4oT: Bnt as the Planet advanced on the folar Di(k, and 
the Sun grew higher above the Horizon, the Quantity of 
the Parallax in Altitude did conftantly decrcafe, and 
•therefore the Placet's apparent Di fiance from its true 
rPatb msft be always decrcaiing likewiieas it paries from 
A to D, and that ic luch a Manner as to occafion the vi* 
'fible Path to be in -ibrne Degree a Curve-line ; fo that 
-when it came to touch the Sun's Limb internally at («) 
when therDiftance of the Sun from the Zenith was about 
41 , then the Parallax in Altitude was but about 30*, 
and therefore the apparent Diftance from the true Path at 
tfceEgrefs was more than one r fourth Part kfs xhan at 
:Sun-n6ng. 

E*pbr$f. Yon have fatisfied me in this Particular ; and 
I think in your Diagram the Planet makes the very fame 
Appearance as (he did on the real Difk of the Sun. 

Clron. Jt is drawn pretty-nearly in the fame Proportion 
as you then faw it on the Pafte-board Screen ; you obfervt, 
the Planet is here placed fo as to touch, the Sun's Limb 
internally and externally at (a) and (c). 

E*phr$f. This, I prefume, I can conjecture the Rea- 
fon of j for I well remember, you weie often fpeaking 
about. the Method of determining thePofition of Vtnufa 
Orbit, from an Obfervation of the Time in which (he 
pafled from (a) to (<;), or the Time of the. entire Egrefs 
*or Emerfion from the folar Diflc. 

CUon. It is true, my Euphrofyn^ this was what in- 
duced me to be more than ufually curious, and anxious in 
nicely obferving the Moment ot Time for each of the 
two Contact*,; hecaufe that Time, if it could be accu- 
rately defined, would give the Length of the Space or 
Line [a c), then if we draw the Line S./i and S r, there 
will be formed an oblique Triangle. a S r, in which all 
the three Sides are known, fuppofing the Diameter of 
.the Sun and Planet to be cxaclly determined by a Micro- 
. meter. If then we continue the Line c a to F % where it 
jneets the Perpendicular S F, from the Sun's Center, the 
Diftance of the Point F from a and c will be known, 
from Principles of plain Trigonometry, therefore alfo 

S3 tl)e 
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the Diftance of F h 9 which is juft half the Length of 
the Chord, or parallatic Path of Vtnui upon the San : 
Hence, therefore, the Time of dcfcribing that Chord 
would be known ; alfo from hence thevifible Conjpndion 
S P will be likewife known, and alfo the Point of the 
Ecliptic to which the Line B F tends, or Place of the 
Node will likewife become known: And when, from 
Observations made abroad, it fhall be known what the 
true Quantity of VenuC% horizontal Parallax is, then E F 
will be alfo known, which is the Difference of the true 
Path from the viGble One, and therefore its Pofition will 
be known alfo.—- — But it muft be confeflcd, that 
Matters of fuch great Nicety and Importance ought not 
to be trufted to, or made to depend upon one fingle 
Obferyation, but ought to be deduced from all that are 
made of the Planet while it was feen on the Diflc, hot 
principally thofe which relate to the Time of the Egrtfi, 
and the perpendicular Diftance of the Planet from the 
Limb of the Sun, at different Infants of Time, during 

the Tranfit. Therefore, at prefent, we muft be &- 

. tisficd to have only a general Notion of thefe Matters, 
and muft poftpone the farther Confideration of them to 
a future Opportunity, that may furniQi us with frcft 
Materials for profecuttng this Subjett in a more exteoGve 
Degree. 

Euphrof. But what is your Opinion, CUonlcus, con- 
cerning a Satellite's attending this Planet, which has been 
of late fo much the Subject of Convention, and which 
ibmc of the Gentlemen prefent apprehended they faw on 
the folar Difk ? 

Clecn. A Man's Opinion in fuch Cafes avails little or 
nothing; but this I know, that what the Gentlemen 
took for a Satellite in the Sun was only a folar Spot, and 
it is certain that what wns publiihed in the common 
News-papers was the fame Kind of Miftake; for the Sa- 
tellite having a firnilar Appearance with that of the PI*" 
net, viz. perfe&ly black and circular^ and withal fo large a $ 
to equal the fourth Part of the Planet's Diameter, muft 
neceilarily have been very eafily feen on the Sun's Dift» 
had any fuch Thing been there; and farther, as th^ 
I) (lance of this Satellite is fuppofed not to exceed 50 Sc* 
n>!-djamcters of its Primary, i: is very certain, as it hi* 

bccri 
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been obferved to move in a Circle direclly before the Eye, 
it muft neceflarily have been obferved on the Face of the 
Son, unlcfs it happened to be in the lower or fouthern 
Part of its Orbit.— — From the Accounts of Mr. Caj- 
Jlni, Mr. Shcrt, and now of thefe French Philofophers, it 
is very certain there is fomething that muft have appear- 
ed about the Planet in their Telefcopes; but whether it 
be a Satellite of the fame Nature and Kind with thofe 
which belong to the Earth, Jupiter \ and Saturn, is a very 
great Queftion, becaufc of the unufnal Pofition of its 
Orbit, and of its very feldom and precarious Appearance. 
Were it only an opake Body, like another common 
Satellite, it would, like them, appear at all Timed in a 
uniform Manner, more or left enlightened, but generally 
in the Form of a Crefcent, like the primary Planet it- 
felf ; and as Venus is fo near to the Earth, at her inferior 
Conju&ions efpecially, it would be impoflible not to have 
a frequent View of a common Satellite that attended 

her. You muft, therefore, in regard to this 

Phenomenon, wait for farther Information to arife from 
repeated and accurate Obfervations, and, according to 
thofe which have been already made, the Time for fett- 
ling the Theory of this Satellite feems not to be very 
Bear: But if ever it comes to pafs, it will conduce not a 
little to the Advancement of Aitronomy and natural Phi- 
lofophy \ for, in the firft Place, the Aitronomy of the 
Secondary Planets will then receive its laft Perfection, 
for no Satellite is ever to be expected about Mars or Mer- 
cury. And, Secondly, the Power of Gravity in the Pla- 
net y$nui can then be known and compared with that in 
the Sum, Saturn y Jupiter, and the Earth 5 for the Quanti- 
ties of Matter in any two Planet" are in a certain Ratio of 
the periodical Times and Di fiances of the Satellites 
which revolve about them, and confequently the Forces 
of Gravity which are proportioned thereto ; and that this 
Planet, in her lower Conjunction, approaches fo near 
the Earth, her Force of Gravity and its Influence on 
the Motions of the Earth and Moon may he looked upon 
as not very inconfiderable, and confequently the Share 
it has with the perturbating Forces of the other J'Ja, 
Vers and Comets, introducing Irregularities in the 
Motions of the Earth and the Moon, may then be 
S 4 eflimated, 
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cftimated, and consequently die Theory of thefe Planet! 
(the molt confidence in the Syftem) will be thereby 
greatly improved. 

Euphrof Since fuch tfreat Events depend on a Difcti- 
very of a Satellite about Venus, it is not to' be feared, I 
fuppofe, that the Vigilance of Aftronomers will one Daf 
or other put that Matter out of all Doubt, and (atiifjf 
Pofterity whether it be a rod Satellite, or a mere Igm. 
Fatuus that now amufes them and perplexes their Curiofi- 
fy. .But what is this Preparation, or Apparatus of 

Globes, Orreries, and other Things which I fee here 
upon the Table i 

Cleon. Thefe, my Eufhrofine^ are intended to enter- 
fain you with an artificial Tranfit, and not only that, but 
likewife to explain, at the lame Time, the Rationale of 
fo curious a Pnaenomeuon as far as I can do it by Inftru- 
ments— >— It is a great Satisfa&ion and Pleafure which 
the real Tranfit has afforded fo many thoufand Virtuofi x 
but, I think, that is not enough for you; for it has ever 
been my chiefcft Care to enliven your Ideas with the 
Rationale of them, and then you have the highcft En- 
tertainment that the Nature of Things aflbrds. Y ou 
here obferve three Inflxuments placed on a Right-line, by 
each other, on the Table j that in the Middle, you will 
recoiled, is the artificial borological Globe which I made 
ufe of to explain the Nature and Reafon of Eclipfes. 

Euphrof. 1 fee it is the very fame Globe ; but the Ap- 
paratus is not the fame as you then made ufe of. 

Cleon. It was neceffary here to make an Alteration in 
that Refpeft ; for now this Globe is to be conn eft cd with 
the Orrery, which you fee on the right-hand Side, and 
with the Tranfit Inftrument on the Left. 

Euphrof. But the Orrery is the fame which you for- 
merly ufed in explaining to me the folar Syftem, at leaf}, 
<b far as I can perceive. 

Cleon. There is one material Difference, my EuphroJyne % 
in the Strufture of thofe Orreries ;■ ■ that which I then 
ufed, moved with Clock-work ; this, which you here fee, 
is put in Motion only with a Winch, when ufed by itfelf, 
by which Means it is eafily connefted with, and put in 
Motion by the Globe, by Means ofthat String which you 
fee go round the Pulley. 
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Euphrtf. The fame String, or Glkeri Cord, I obfenre 
goes on the* other Side to the TranGt Inftrument, as you 
call it, which, as it con fids of a Board with a black 
Ground and a large filvered circular Plate in the Middle, 
is, I fuppofc, intended to reprcfent the Sun in the dark 
field of View in the Telefcopc ; I like wife fee the filken 
Line go over that Part of the fiivered Plate which Venus 
traverfed on the real Sun ; and fd % f prefutne, rcprefents 
rh£ vifible Path of Ventti on the folar Difk. But where is 
the Planet itfelf, CUonitus? 

Clean. That yon will fee by and-by: You will 

firft tike Notice that, in general, the Motion of the Earth 
will neceuarily give Motion to the Orrery on one Hand, 
and t<5 the Line over the artificial Sun on the other; and 
that, by this Means, the Planet Venus will appear in the 
periodical Revolutions about the Sun on one Side, and 
exhibit the natural Caufe of her retrograde Motion and 
Conjunction with the Sun, in the Orrery, at the fame 
Time that (he is feen to pafs over the folar Difk, in the 
TranGt Inftrument on the other Side. — And, laflly, the 
Motion of the Earth, the relative Pofitions of its inhabi- 
tants, and the feveral Moments of Time for the refpec- 
tive Phafes and Circumftanccs of the Tranfit, are all fhewn 
by the Globe. 

Euphrof. But if you intend I fliould have a clear and 
diftin& idea of the complex EfFcd of this Apparatus, 
Vou muft be particular in explaining what I am to fee, and 
pave a dired Regard to, in each particular Part of it. 

blew. This 1 will do : And, firft, with refpeci to the 
Orrery, I will place all the Planets in fuch Parts of the 
£diptic, as they appeared in on the firft Day of January^ 
Or the Beginning of the prefent Year, and, when the 
Machinery is in Mb t ion, you Will hafe a particular Re* 
gard to the Motions and Pofition of Venus and the Earthy 
And, 6n the 6th of June on the Plate of the Orrery, the 
Phnet Will come exactly between the Earth and the Sun 9 
and from thence the Manner how the real Tranfit is occa- 
fioned will be eafily conceived. • 

Euphrof That 1 (hall attend to ; but what am I to 
Gbfervein the £arth f 

Cletn. The following Things ; (1.) In order to adjuft 
{he iaftb to iu proper Pofition for that Time, I bring the 

Index, 
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Index, at one End, to point to the 6th of June, which 
wiH bring the North- pole of the Earth to its proper Situ- 
ation in the enlightened Hemifphere. (2.) As the Sua is 
then over the middle Point of that Hemifphere, I turn the 
Globe till the Meridian of London pafies through the Sun 
in that Point, and there holding it fa ft, I turn the Dial- 
plate till the other End of the Index points to XII at 
Noon. (3.) 1 hen I revolve the Globe backward, 'till 
the Index points to about a Quarter after II in the Morn* 
ing, which W3S nearly the Time of the Beginning of the 
Tranfit, at London. (4.) Then the Ifland of Great Bri- 
tain, and all other Places have their refpe&ive Situations 
for that Phafe of the Tranfit. 

Evpfcof. I fuppofe you mean that any particular Place, 
as it is fixuate in the light or dark Hemifphere, will be 
able to view, or not to view the Beginning of the Tranfit. 
Thus, for Inftance, London appears at that Time far with- 
in the darkened Surface of the Globe, and St. Helena (lill 
more remote from the Circle of Illumination, whilft, on 
the other Hand, I fee Bencoolen in Sumatra, and all the 
Eaftem Part of the Globe, in the illumined Hemifphere, 
viewing the Planet entering the folar Difk, in various Al- 
titudes above the Horizon. 

CUon. If now, in the laft Place, you caft your Eye on 
the black Ground of the upright Board, you may obferve, 
on the Left-hand Side of the filvered Sun, a large black 
round Patch juft ready to enter, and fhew itfelf on the 
Limb of the Solar Orb. 

Eupbrof. Yes -, I fee it now you direct my Eye ; but 
before it was lo much of the Colour of the Board, or ra- 
ther no Colour at all, that I did not perceive it at this Dif- 

tance. By the brafs Screws on the Side of the 

Board, I fuppofe you can adjuit the Path of Venm to any 
Part of the Sun* or fo as to cut the Ecliptic in any given 
Point, as the Pofition of the Nodes require ; and the 
Limb of the Sun being divided into Degrees, the Quanti- 
ty of the Arch at the Ingrefs aud Egrefs of the Planet 
from the Lcliptic Diameur of the Sun is eatilv reprefent- 

el. 

Cleon. You feem now to have a juft Apprehcnficn cf 
the Ufcs and Defigns of the fcveral Parts; it remain?, 
therefore, new to put the whole in Motion, which, :s 

4 « 
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it is very flow, will afford you an Opportunity of view- 
ing very minutely all the Peculiarities of ihe IVanfix in 
each feparate Machine.— —I wind ug the Spring, and 
now obferve the diurnal Motion of the Earth,— —the 

planetary Motions about the Sun, and the artificial 

Planet or Patch juft entering the eaftern Limb of his 
Difk. 

Euphrof. The feveral Phenomena you mention in the 

vefpeclive Machines are now very obvious : In the 

Orrery, I fee all the Planets moving in their proper Or- 
bits from ihe Beginning of the Year ; and though the 
Earth be at that Time before the Planet Vcnut, yet, as 
that Planet follows with a quicker Motion, ihe is every 
Moment advancing nearer and nearer to a Conjunction, 
till at Length I perceive them both in a right Line with 
the Sun, on the 6th Day of June+ on which Account, as 
ihe is then fo near the Node, fhe is there feen to pab 
over the Face of the Sun ; and as (lie is then defcribing 
that Part of her Orbit between the Earth and the Sun, (he 
muft neceflarily appear to have a retrograde Motion, and 
enter the Suns Ditk on the eaftern Side, as, I well re- 
member, you (hewed me in a former Leflbn on thefe Sub- 
jects : all which gives me a clear Idea of the agronomi- 
cal Rational/ of this famous Tranfit. Then, with 

regard to the Earth % I perceive it moving with a diurnal 

Motion analogous to that of the real Earth. At the 

Beginning of this Motion, the Index points to II o'Clock 
in the Morning, and the Ifl.uid of Great Britain then 
is in the darkened Hemifphere ; and I have the Satisfac- 
tion of feeing, in one View, how all the Parts of the 
Earth are fituated in the enlightened and dark Hemis- 
pheres, which gives me a clear Idea of the Times in which 
the Beginning of the Tranfit will happen to all the Pans 
*>f the Earth where it will be vifible, and of all other 
Parts of the Globe where it will not be feen. 

Clcon. Here I muft interrupt you for a Moment 

you remember that forr.c Mathematicians were lent nb'oad 
to obferve the Tranfit in diftant Parts of the World : their 
Defoliations were originally to rhe Me of Sr. Htkva, and 
fo that of Sumatra; the fuft of which you obferve near 
#6° of fojuth Latitude, and about 6° 30' Weft of the 

Meridian 
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Meridian oT London, and therefore far from thd cnlight— ^ 
4ned Hdrriifphe're at the Beginning of the Tranfit, info— 
-much, that they -only arrive to it juft Time enough to ob — 

ierire the End of the Tranfit in the Morning; nor had 

they any other View originally, in their Deputation to Sl 
Helena, than of viewing the End of the Tranfit near the 
Horizon, that they might have the gtcateft Parallax ot 
Altitude, which in that Cafe would be nearly equal to the 

horizontal Parallax of the Planet. But with Refpcfi 

.to the Ifle of Sumatra, or Bencoolen, the Deflgn was there 
to obferv^ the Times of the Beginning and End of the 
Tranfit both, and consequently the Duration of the 
Whole, in order to compare it with the real Time of 
Duration as obferved from the Center of the Earth ; and 
for this Purpofe, you fee this Ifland is fituated mod aaV 
vantageoufly in the enlightened Hcmifphere; — but, by 
.a Paragraph in the late News-Papers, we underftand this 
.great Defign is fruftrated ; for, by that we learn, that 
thofc who went out in the Sea-bor/e for that Department* 
-tore obliged, by ill fated Incidents, to put in at the Cap* 
cf Good Hope, whofe Situation, as you fee on the Globe, 
at the Time of the Beginning of the Tranfit, is far 
within the darkened Hemifphere ; and confequently the 
mod interefting and important Part of the Phenomenon, 
and which was their particular Bufincfs to obferve, was 
wholly invifible to them. For as the Cape of Good Hope 
has a greater South Latitude than St. Helena, and a lefs 
Pittance from the enlightened Hemifphere, the Parallax 
both of Altitude and Longitude will be much lefs there, 
and confequently the Obfervations made at the Cape will 
be of much lefs Coniequence than thofe at St. Helena, and 
therefore anfwer no Purpofe at all : So that the Share 
which England is to have in the Difcovery of the Parallax 
of the Sun is not likely to be great, unlefs any of our Na- 
tion at the Factories in the Indies, for the Honour of their 
Country, or their own Curiofity, ihould be excited to make 
their Obfervations at the Beginning and fc'nd of the Tran- 
fit very nicely. 

Eupbrof. This will be a very ungrateful Piece of News 
to the curious Part of the Public, elpecially to thofe whp 
could wifh to fee England as renowned for the Improve- 
ment of agronomical Science, as by the Succcfs of its 

Arms. 
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Arms, By this Time I fee the Brivjh Ifle is juft 

upon entering the illuminate Hemifphere, and the Index 

. jiow , points to about | after II : — But the Cape of Good 

JHbpe is ftill in the Dark. And juft now I perceive 

The artificial Planet, or Patch, juft riling above the Hori- 
zon, and fo far advanced on the Solar Diflc as it appeared 
so thofe who had the Pkafure of viewing that Pare of the 

.Phenomenon. As the Motion of the Earth continues, 

the Parts of the Surface are fucceffively brought into, 
snd carried out of the enlightened Hemifphere, and. 
Jingland* amongft the reft, gradually proceeds towards 
the middle Part of its diurnal Arch. — In the mean Time* 
the Planet regularly advances on the Sun's Diflc, 
and is nearly in the Middle of he* Path when the Index 
4Df the Globe points at VI.— -The Cape now enters 
the Sun-beams, and obferves the Tranfit more than half 
ever, while the Sun is not yet rifen to St. Helena.* - 

w Tht Earth keeps revolving uniformly upon its Axis, and, 
sat length, brings St. Hdcna to enter the enlightened He- 
anifphere, and foon after views the End of the Tranfit at 
a finall Altitude of the Sun above the Horizon." - I 
obferve the artificial Planet to be now much about that 
Tofition of the Sun's Diik as when I firft faw it through 
the Telcfcopc, viz. about feven o'Clock in the Morning 

*>f that memorable Day. The Motion here of the 

Planet, I plainly fee, is every Way fimilar to that of the 
Teal Planet on the Sun's Diik. The Motion of the Pla- 
net and the Earth being perfectly correfpondent to each 
ether, at length the Patch arrives at the weftern Limb of 
the Sun, and (hews the internal Contaft of the Planet at 
the Time the Index points to a few Minutes after VIII 
in the Morning.— — And it is very curious now to ob- 
ferve the artificial Egrefs y which feems in every Refpe& 
to bear a proper Refemblance to that of the natural one* 
f The artificial Tranfit is jjuft now at an End, for the 
Patch is now in external Contact with the Limb of the 
Sun. The Index of the Globe now points to nearly half 
an Hour after IX, fo that I obferve the Time of the Egrefs 
here is about eighteen Minutes, which is the fame as was 

obferved of the real one In the laft Place, I fee the 

Pofition which our Ifland had on the enlightened Hemi- 
fphere at the Time of the total Egrcfc, and alfo. the rela- 
tive 
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five Situation of all other Places where that Phenomenon 
could be feen.— And now, Cleonicus* I muft acknow- 
ledge that you have, by this Means or Contrivance, con- 
veyed to my Mind as perfeft a Knowledge of the geogra- 
phical and optical Principles of the Tranfit, as IconM 
poffibly have from any artificial Machinery, and, for year 
Care and Trouble herein, (hall ever think tnyfelf highly 
indebted. 

Clcon. It ever was, and will be my Study to reprcfent 
the various Phenomena of Nature in fuch a Manner u 
may mod exafily correfpond with the Operations of Na- 
ture itfelf; and nothing will more felicitate my Succefr 
than the Pleasure and Inftra&ion that may thence re- 
dound to one who is fo dear to me as yourielf.—— I fear 
1 have, by this Time, proved tedious ; but you wiH 
remember, it is upon a Subject that, like the fecuUr 
Games, happens but owe in an rfgt. 



DIALOGUE XII. 

Concerning the Nature and Use of Binocui.a * 
Telescopes. 

Cleonlrus. 

OUR Iaft Convcrfation was a Digreilion from ou^ 
Speculations on the Nature and Ufe of optical Injiru** * 
merits. But it happened very opportunely to a moft f.gnaC- 

Initance qf the latter, as I then obferved to you. ■ 

I (hall now return to the former Subject, which I (hall 
re-alTume with the Conilderation of the Nature and Ufe of' 
Binocular Tele/topes.— We have already largely enough 
defcanted on the common Conftrufiions of this I n ft ru- 
in en t ; but as the binocular Telefcope is of a different 
Form, and has a very peculiar Propertv, 1 thought it 
might be worth while to (peculate en the Nature of it for 

an Hour. A French Author formerly (P. Cheruhin) 

had fo high an Opinion of this Inftrument, that he wrote 
a large Volume in Folio almoit wholly upon the Subject * 

and, 
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and, indeed, ever fince their firft Invent:-::, 'hc^r EfFecij 
have been greatlv admired by ail v. ho ct!."i.hi in Optics. 
Eubhrof. If 1 csn judge from the icuL -1 c: the Word, 

this Inftrument employs bztb tht Ey.: ; sr.:: js I f- 

fumc the Inftrumems you fpei's; cf, ire i z(: before u? f 
they appear to rac to - be a fcuhlt T tuf.it e % cr.c of t..c 
*"efr:i«5\ing, and the other of the rc:lec>I'ig 11' -i \ 

^CLzn. You ebferte very rightly in e~.ch Refc-fG ; t l • 
Binocular Telcfcope con Gils on!y cf the G:i:Tcs cf :-o 
common Telefcopes, property adjufted, to (he v.- the fiiae 

^kjeclto both Eyes. You will re-dily conceive thr 

0«=fign and Utility of this Cor.ilrucVi'.n, by conuJeriug 
^°^*^ great the Advantage of common Viilon by t»v 
*-yes, is, in Companion of that by one os.'y: It hath 
"pcxi, ufually made an Argument of amcu obvicus Prc- 
I^dencc, that Animals are in genera! furnifh^d with two 
^-y^s, that they might not be dark with the Lofs of or.c ; 
"tat \ve may add to this, the great Pleafure ar.d Perfection 
°* 'Viewing Objects with two Organs cf Si^h: ir.:1cad c: 
0ri ° - Nor is this at aJ 1 difficult to be experimented, as I 
rna ^cno Doubt you have oftentimes had the Curiofity 

to tr y. 

■« zjfibrof. I have many a Time tried that Experimcr.% 

?J^** found the Difference very fenfibly : The Field of 

• lc ^v is not only more confined by (hutting one Eye* 
/** the Objects are lefs vivid and bright, and feem, as it 
Cr "*^, diminifhed and contra£ied to the View. 

to\^^* isn ' ^ * s 3 '^ ver y true lnat y ou ky ; ' a:£ ,r * s vcr f 

*~^rvablc, that the Difference is no:hing lile fo great to 

r ^ tiaked Eye as by the Telcfcope, where, as we may 

*^V % this very Difference is magnified in Proportion whIi 

Jp^ Objects themfelves ; and this i* that very wonderful 

~*^tclthatl j uft now mentioned, and which io flrongiy 

r ^Commcnds this Inftrument to ail the Curious. 

Euphrof. But how are the two Telcfcope; adapted to 
Exhibit one Idea of the Object only: One would think* 
*bat, by two Telefcopes we (hould hu'.e two different 
Views of the f.ime Object ? 

CUon. The natural Reafon of this i«; the fime as that 
t>y which an Object appears but one and the fame to two 
naked Eyes, notwithstanding there are two Ims^rs. forrued> 
Que in the Bottom of each Eye. Tor by the v.-nnderful 

Difp )fnioa 
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Difpofition of the nervous Syftem, the two optic Kcrrd 
are united in the fame Part of the Brain, where the Sen- 
fations of each Image, or the Ideas which they occaGon* 
are united in one, and fo prcfent it to the common Sen-* 
fory of the Mind ; and you will eafily conceive that the 
Telefcope, {ingle or double, docs not multiply the Image* 
but magnifies it only. The Image in each Eye is ftill the 
fame, but only larger; and therefore two Telefcopes only 
produce two larger Images to the Eyes, in (lead of two 
fmall ones, and confequently the Mind has ftill the finale 
Id a of the Objedi, but enlarged. 

Euphof. I prefume, this is pretty much a parallel 
Cafe with thofe who ufc Spectacles ; for the.y, with two 
Glaffcs, fee the Objctt enlarged, but fingle at the fame 
Time. 

dnn. Your Compatifon will hold, provided the 
Spectacles you fpeak of are difpofed as they ought to be, 
(but thofe of the common Make are not,) viz. when the 
Axis of the Glaffcs aic both directed to the Objed that 
we view, and there intcfccT. each other: And this is the 
Cafe o( the two Tck-fcopes which compofe this Inftru- 
rnent, the Axis of each are fo directed, by adjusting 
Screws, as to point to, aud terminate in the Object we 
look at ; for, in that Cafe, each Telefcope preients the 
fame View, enlarged, as we have in fmall, by the naked 
Eye : Thus, two Telefcopes, in that Refpcct, have the 
Effect of one, with this important Addition, that the 
Field of View in the Binocular Telefcope, though really 
the fame as in the fingle one, is yet fecmingly vaftly en- 
larged, at a greater Diltancc, (hewing the Objefts more 
ftrong, bright, and perfect, than they ufually appear j 
which is one of the mod agreeable and noble Deceptions 
that can be found in any optical Iniliumcnt, of which I 
fhall now gratify you with an Experiment, having firft 
obferved to you, that while wc look through the Inftru- 
ir.ent, it is nectffary to turn two Sets of Screws, to adjuil 
k to the Eye, one which moves the Object- glaffes, and 
the other the Eyegiafic*, nearer to, or farther from each 
other, till the Axis of each Telefcope coincide with 
thofe of the Eye and nicely meet in the Object — 
In this Manner I have now adjufted the Refracting 
Binocular, and now, if you take my Place, you will 
6 fee 
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f« yonder Houfe in the molt agreeable View you ever be- 
held ir. 

Euphrof. I do, Cure enough. 1 find every Thing 

j u it as you have defer ibed it; — — With both my Eyes 
1 fee the Field of View, in Appearance, wonderfully en- 
larged : The Appearance of the Houfe more natural, eafy, 
and vivid ■ But when I. (hut one E)'e, then 1 fee 

the very great Difference you fpeak of, the Field, as it 
were, feems contracted as well as the Objeds; and every 
Thing has a poor and unplcafant Afpeft in Comparifon 

of the former. To tell you the Truth, C/ecnUus 9 

you ^riH, by this Experiment, put me out of Conceit 
with the common Telefcopes.— — — I can fcarcely thinlc 
1 fhould reafon well if I ufed a fingle Telefcope inftcad of 
a double one, any more than I fliould, if I preferred view- 
ing Objects with one Eye inftead of two — Pray, is the 
Etrecl nearly the fame in the Binocular Reflectors ? 

*>/*«. It is there in Proportion heightened, as they 

™ a g*iify more than the Retractors: 1 have fitted them 

for your View 2 — — Look now at the fame Object 

through them. 

•Gfphref. Well, this is wonderful indeed:— —I may 

tr V^Y fay I never knew what it was to view Objccls through 

a ■*• ^lefcope before. I have feen them in<!eeJ magnified, 

r 1 ** thought that was a wonderous Lffect ; but I fcarce'y 

" n O\v how to exprefs the d liferent Se:i fat ions which arifc 

•J?? 1 ** a Profpect of the lame Objects in this compounded 

lc w : — Here is truly (je nt fyiy *noi) fortieth ing incx- 

th" 5 kty" delicate, grand, and delightful in the Effect of 

la Inltrument! — It is amazing to n.e, that every Lad* 

• Vaentleman of Fortune and CurioSty has not one cf 

lft *T e Binoculars in their PoUcliijn 

pCt Ml You might be in an eternal Amazement if fuch 

, *^ings were to excite it; the Cufe is !"a far ot'ierwift-, 

. ^* you feldom obfe.-re the Pnrchafe of an 7 Inftrumtnti 

**i Proportion to ih^ir Meri: and Cfes : Things in com- 

y^** 11 Vogue, that give us no Trourve to ur.dcritand their 

*<?, and which h.ive been ma J- Time immemorial, are 

^ftiythe Subject oi ixmnr.:i l).:i:i..n«! ; few enquire if 

c ** new, or more perfect Imp*'- '.emeu:* But ye?, I 

^^noc help wond.-nii.: 1 iit'icj \i\\\ vvj, t:.v. thtrc -hc 

°^t more of thuic c:.3Ui P:r ".: ■ r." v. f.:.i \ \; vrry 

Vol. II. 1" U" 
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few there are, that I never far but one of thofe Binocfr* 
lar Refledors, yet, in any Gentleman 9 ! CoUefUou of 
Meal lnflrumiHts % and yet there w nothing in the Price 
that it fo very extraordinary, or difficult in its life* th* 
might deter People from having them. Efpecially aita. 
the RefraAing Binoculars, whole Essence apd Ufc m 
both very reasonable and cafy. Of thefe there were no 
Ids than three or four of different and very anions Can- 
ftruAion in the Mufacum of his Grace the late Dote of 
Argjk. 

Eupbrtf. And was I a. Docheft, I would have as ma- 
ny, and every Inftrumcnt of every Form and Conftrac- 
tion that could afford me any different Plcafore and h» 
ftiuAioti t and I ihould always look upon thoTe Inflra- 
ments as the principal Furniture of the choioeft Apart* 
ments of my Houfe. 

Clcon. There is yet another optical Inftrument, which,. 
at our next future Leifure, I fliall defcribe to yon j and 
though it has no magnifying Power for diflant ObjcAf* 
is not without a Variety of iffes adapted to the Amufc- 
ment of Ladies and Gentlemen, and with which, Fdare 
(ay, you will be very well pleafed. 



DIALOGUE XIII. 

%he Description and Use of an Optical In- 
strument for meafuring the Angle of Vision, 
the apparent Magnitudes, and Distances of 
Objctls ; for viewing per/peSive Prints, Pic- 
tures, Intaglios, tsu. 

CUonicus. 

I Shall now prefent you, my Euphrtfym^ with a to$ 
optical Inftrument that is not only defigned for A* 
mufement, but many confidt rable Ufcs. 

Eupbrtf It makes but a fmall Appearance, it is true; 
but the Value and Ufcs of Things,- in general,, depend 

very 
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▼ery little on their Bulk. — Pray, what are the Peculiarities 
of this Liftrument ? 

CUon. I (hall relate them to you in Order, and exem- 
plify them by Experiment : One Thing, however, I (hall 
premife with rcfpecl to the Nature and Conftru&ion there- 
of, as it is a Property quite peculiar to this Inftrument, and 
that is this, vix. that it gives you a char View of dijlant 
ObjeclSy without mognifjtng them at all, and* at the fame 
¥ime % it pre/tuts you with a magnified View of Objefls near at 
Hamd % by a proper Change of Glafles. 

Eupbrof Pray, what, and how many Glafles hare you 
in this Inftrument? 

Cleon. There are efientially no more than two required, 
and tbofe both of the fame Form, or Figure, and confe- 

?uently of the fame focal Diftance: And, as to the 
ofition, they are placed, as you fee, one at each End 
of the Inftrument, and from this ConftrucYion you will 
eafily underftand the Nature of the Inftrument, from 
what 1 have formerly faid of a Telefcope with two Glaf- 
fe* j for in fuch a one, you remember, 1 told you that 
the magnifying Power was in Proportion of the focal Di- 
ftance of the Objeft-glafs to the focal Diftance of theEyc- 
glafs. Now, in this Inftrument one Glafs is to be con- 
fidered as the ObjecVglafs, by which an Image is form- 
ed ; the other, as an Eye glals, by which it is viewed ; 
but fince thefe Glafles have an equal % focal Diftance, the 
Image will be equally diftant from either Glafs, and con- 
sequently there can be no magnifying Power at all 
with refpeS to diftant Objects: For the Image will ap- 
pear unJcr the fame Angle to one Eye applied to the 
Glafs, as the Object does to the other naked Eye, and 
therefore they mud appear equal, as you will find by Ex- 
periment. 

Eupbrof. Pray let me try that Experiment — I 

will place myfelf on this Side of the Room, and look on 
the Safti- window on the other bide, and fee how the 
Quarries appear, in the Manner you formerly directed 
me by viewing it with one Eye applied to the Glafs, and 

the other without it. --And now I perceive the 

Truth of all you fay— Each Quarry in the Window 

is of the fame Bignefs in the Initmmcnt as to the naked 

Eye, and, by properly removing it, I make the whole 

T %> Frame 
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Frame in the Image exactly coincide with the Appearance 
of the Window itfelf to the naked Eye: Which, there- 
fore, fully proves that the image and the Objc£t are equal 
to each other. 

CLon. You will farther obferre v that in the Construc- 
tion o£ this Instrument there is a Screw amd Cell in the 
middle Part, for another Glaft; which is to be of the 
lame focal Di (lance with the other Two, whofe Ufeis to 
render the Field of View more perfect towards the extreme 
Part; by which Means the Eye may be applied nearer, 
and view the Objedt to much greater Advantage ■ 
You will fatisfy yourfclf by the Experiment : For I bait 
now put in the third Glafs. 

Eupbrof. It is really fact : The Images of allQbjefli 
that I vie\v K appear in an enlarged, and a much more 
perfect Field, even to the extreme Circumference ; this 
Glafc is a great Addition to the Diiiinctnefs and Perfec 
tion of the inftrument.— — — - But it it fomethingof 
* Paradox to me, that a G la fs, which, in Itfelf, has fo 
confiderable a magnifying Power, fliould yet, when 
placed in the luitruinent, appear to have no EfFedr. of that 
.Kind. 

. CUon. Optical Gl.-«fies, applied in different Circum* 
fiances, will have diiiciciit Effects ; its Difpofition in 
the Middle cf the Inlliument gives it no Power of mag- 
nifying, but only of pei feeling the Field of View. 

EupLref. The Image 1 obierve is inverted ; but that, 
I prclume, is no Obllruclion to the Ufes you would make 

of this Initrument : But, as it neither magnifies nor 

diminifiics, I ihail be glad to know wherein th.e Ufes of it 
con fiP. 

Clan. That I (hull now particularize to you. It is 
therefore to be obferved, that ilnce the Object and the 
Image appear under the fame vilnal Angle, that Angle 
may be ealily tfii mated, or roeafured by this Inilrument, 
by adapting a itiiCROMETER to the niidule Part, where 
the Image is formed in the c cm men Focus of both the 
. Gbfics, which Micrometer may be made of many diffe- 
rent Forms, viz. (i.) With a bcrew having very 6 ,l£ 
Threads, or (2.) by Means or parallel cr equiditon* 
Lines drawn on a circular Piece of plain Glafs very near to 
each other $ or, (3.) by two Hairs moving parallel tocacb 
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•other in a fmall brafs Frame placed in the middle Part of 
the Inftrumcnt. 

Eupbrof. How, by Means of thefe Micrometers, you 
meafure a vifual Angle, be plcafed in the next Place to 
explain to me ; for, as yet, 1 am not acquainted with thefe 
Inftruments of Meafure. 

Clton. A Micrometer is an Inftrumcnt of great 
Ufe in the nicer Computations cf Aflronomy, which 
-concerns rhe Magnitudes and Diftancc* of the hcnrvcnly 
Bodies : But, in the Ufe of this lnltrumcnt, great fcx- 
•aflnefs is not required ; and therefore a Miciomctcr made 
of a Screw will anfwer this general Purpofc as well as 
any, and will be more fimplc and lea It cxperifive of all 
others; and a Screw that has forty Threads in an Inch will 
be fufficient for this Purpofe. Then, if the focal Dif- 
tance of the Glades be one Inch, the Angle, which is fub- 
tended by the Interval between two of thofe Th reads, 
;will be i° 26', and two will fubtend an Angle of 2 52', 
and 3 Threads will fubend an Angle of 4 18% and fo 
on ; the Angles and their Subtenfes being very nearly pro- 
portional, when very fmail, and therefore, by obferving 
now many of thofe Threads of the Screws the Image of 
any Obje<Si occupies, it will be known from thence what 
the Quantity of the optic Angle is under which it ap- 
pears ; And if a Screw has a greater Number of 

Threads to an Inch, as fuj.pofe 60 or 8o, the Accuracy 
of the Inilrument in meafuring the optic Angle will be 

in fuch Proportion greater But though this Uie 

of the Inftrument may the lead concern you, yet it- may 
be oftentimes of great lmpoitance to thole who are con- 
cerned in meafuring the rtngle under which diftant Ob- 
je&s appear, which are generally very fmall, in order to 
form a Calculation, or an Idea of their DHlance, by 
previoufly knowing the Dimenfions of the Objcdt. 
Thus, for Inftance, by knowing the Number of Feet in 
the Length of the Crofs on the Top of St. Pam\, and 
obferving, by this Inftrument, whiit Angle it fuhtcix s v 
to the Eye, a Perfon will immediately find, by the 
Rules of Trigonometry, what Diftance he is from that 
Object. 

' Eypbiof. This is an Affair of too mahematica! a Na- 
ture lor me ; there are others, I prcfume, more adapted to 
T 3 my 
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my Underftanding, which may afford mc feme Degree of 
Fleafure and Curiofity. 

GUen. There are, mod certainly; the next I flail 
mention it one -of them, which if, that by Means of ttui 
Inftrument we majr eafily judge 6f the comparative, or 
apparent Magnitude of Bodies : For when you would 
compare the apparent Magnitude of any two Objefis, 

Cu only more the Inftrument in fuch a Manner, as fiaA 
ing the Image in each ObjeQ ifucceflively upon die 
Threads of the Screw, and then obferving how many of 
- thofe Threads are occupied by each. Thus, for Example, 
if the Image of one Obje£fc was equal to the Diftance of 
two Threads of the Screw, and another meafured three 
Threads ; then their apparent Linear DimenGons would 
be in proportion as 2 to 3, and their Surfaces in Propor- 
tion to the Squares of thofe Numbers, viz. 4 to 9, and 
their Solidities as the Cubes, or as 8 to 27 : And thus the 
e$mparative apparent Magnitude of all diftant Bodies may 
be eafily eftimated. 

Euphrof. This, I allow, is a very pretty and ioftrac* 
five Ufe of the Inftrument, as nothing is more common 
than to hear People a(k, How large do fuch or fuch Ob- 
jects appear ? wnereas, it is impoflible to give any An- 
fwer to fuch Queftions, without a Method of comparing 
their Magnitude with that of fome other Obje&s that we 
know ; which, by what you have now faid, 1 find is very 
eafy to be done by fuch a Micrometer. 

Cleon. Another Ufe of this Inftrument, equally cu- 
rious and amufing, is, to meafure the Difiance of aof 
Objeflt without any Skill in Geometry, or the leaft Degree 
of Difficulty: Thus fuppofe you obferve the apparent 
Image of any Objcft upon the Threads of the Screw, 
then, if you walk fo far backward till the Image of the 
fame Objeft occupies but half the Number of Threads, 
or if you go forward till the faid Image meafures twice 
the Number as at fir ft, in either -Cafe you walk juft fo far 
as is equal to the Diftance of the Obje& from yourfirlt 
Station ; for you well know, the apparent Magnitude of 
Bodies increafeor decreafe very nearly with their Difhnces 
inverfcly, or, that at twice the Diftance, they appear twice 
as fmall; and, at half the Diftance, they appear twice as 
large. 
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*^c*ILi.Lince25 iongtrr; for then irut wi5I ^J .* m^n;. 

* Ving Power to ihc iriirun^cr.t : but thi> is \.p**n Supp^v. 

^:jcn, that ihe Print or Piclurc chit you view, U at a 

-Oiftancs from yoi: 9 ar.d in iticti ret very liigc, or £;cju- 

^r than the uitul Size of Fdmi.y Pictures. — Hut 

if the Pifture, or Print, bcin ii.elr verv large* ami rv.ir 

•it Hand, r*. for Inftance, upon the T.«ble bet'oic you v 

then wi 1 the lnitrumcm, without any Change t>t Ciblhs, 

io i (or in this Cafe a magnifying Power t$ not reamed , 

1 4 the 
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the Image filling the whole Field of View, without it ; 
and, indeed, that is the only Rule to be obfervcd in all 
Cafes whatfoevor, that fuch a Glafc be applied as will caufe 
the Image of the Objcd to appear as lafge as the Field of 
View will admit of, and then the beautiful Effects of the 
Inftrumcnt will appear, vt%. a moft natural and fine 
Rtli€v$ of all the Parts : This will be better feen by Ex- 

pe iment, than exprefled by Words. Here, view the 

per fpective Print before you on the Table, without chang- 
ing the Glades. 

Eupbrof. It is a fine View of St. iWs Cathedral, 

I fee at once : The auguft Pile rifes to the View, and 

its majeftic Dome and Cfofs appear fublime in the Air: 
— —The Pillars all in proper Arrangement and Diftancc, 
and the whole Architecture appears in the natural aod 
glorious ConftrucYion of (he Weft Front : The fpacious 
Area, Or Court before, appears expanded and in the lame 
natural Prefpective as if I was viewing it from the adja- 
cent Corner-fllop in Lvigati-flrtit :— -The Pedcflals are all 
ereft, and her Majcfty, with the other emblematical Sta- 
tues, appear as natural and vivid as on the Spot. 
Upon the Whole; I think this a fufheient Proof of ihe 
excellent Ufc of this Inftrumcnt in viewing perfpcQifC 
Prints. 

• Qeon. But you will be eafily convinced that the fame 
Glafles will not fuffice for viewing Prints hanging at the 
oppofite Side of the Rcom, as the Image will be there 
v o fmall for all its Parts to appear diftin&ly : For your 
Satisfaction, I will place the fame View of St. Paut\ 
with a good Light, at that Di (lance, and then you may 
view it with the fame Glafs. ' 

Eupbrof.' I do as you inftrudl me ; — I view it, indeed, 

but not with the fame Satisfaction as before : It is in 

Perfpeftive, I confefs, but the Appearance fo diminutive 
and indiftindt, as convinces me, that fome Degree of 
magnifying is how hecefTary. 

Clton. I will change the Glafles, and apply one proper 
for the Purpofe, and then you will obferve the fame Etfeft 
nearly as before- 

* Evphrtf; It is very true ; the fumptuous Pile has no* 
the fame Appearance of Grandeur as to the naked Eye.-— 
But now let hie view a Landfcape, or fome fuch large 
ye fpective Painting. 
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CUon. I will go and invert two or three for this Ptir- 
pofe, without letting you know what they are till yon 
view them.* T here is one now ready, can you tell 

inc what Part of England you fee ? 
. Eupbrof. Yes, that I can without Hefitation : I 

mud neceflarily confider myfelf on the Summit o£ 
Richmond- Hill, and there furveying the beautiful Scenes 

of the diftant Country and Villas all below : The 

perfpeclive Diminution and tortuous Irregularity of the 

noble Stream ; the Forelt, Fields, and Lawns, all 

attract the wondering Eye : — ——But what a Change 
haVe you fuddenly made, from fo delightful a Scene to 

one fo (hocking to human Nature ! Cathedrals, 

Palaces, and the molt beautiful Ranges of Houfes, all in 

one confufed and ruinous View f Methinks 1 fee a 

City ail in Commotion, and falling by the tremendous 
Shocks of an Earthquake! This, the e fore I am {atis- 
fied, is a View of the terrible State in which Lijbon has 
lately, and often appeared, from its mod inaufpicious 

Situation. The Scene is again mod wonderfully 

changed $ the River of a fine and flourifhing City now 
regales my View ; and the glorious Appearance of a 
Bridge, conftructcd with one Arch, malccs me fancy my- 
felf at Vtnlce viewing the Rialto^ fo famed throughout the 

World. Thefe Inftances of perfpe&ive Views are 

fufficient. Let me next fee what is the Etttft in viewing 
Portraits and family Pictures. 

Clan, I mult take one down, and put it in an inverted 
Pofition, for the Reafons I have heretofore mentioned : 
It (hall be that venerable old Face of yrur Grandfather, 
of which you have often cxprcfled fo high a Value; for* 
by this Instrument, you will- fee how properly, and with 
how much Reafon you do it : Take a View of it. 

Euphrof. Upon my Word, it almoft reinftatei him in 
Life. — The Face, as it were, ftarts from the Can- 

vas, and the poor old Gentleman lecms to regard me 
with fo natural a Smile, as if he knew me in the near 

Relation, his Eyes feem lively and percipient.— 

they fink very naturally under his Brow, his Nofe 

properly projects from the Face : in fhort, his whole 
Mien, or Countenance, is fuch as plainly be f peaks him 
a Man of that Sedatenefs and contemplative Difpofuion 

for 
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for which he wai fo remarkable when living. — —By 
thefe Experiments, I am fiuisfied how nfefol this link 
Inftrument is for this Kind of Views.— —What other 
Ufes yet remain i 

Clnn. Several : One of which win not a little delight 
you, I am well affured.— - — For now, if to the two cqnal 
Glafles I add a third of the fane focal Diftance with 
them, and the Intervals of the Glaffea he refpe&ivdy 
equal to twice their focal Diftance*, then is it fitted for 
viewing, in a peculiar Manner, ail Intaglios, or deep cat 
figures in precious Stones, Seals, &c» for then they ap- 
pear juft contrary to what they are 3 vis. as Cemat % or 
with a Baft Relief, as you will eafily obferve by viewing 
the Head excavated in this Seal. 

Eupbrof. This is fomething very odd, indeed i that 
the Head, which I know to confift of a hollow Cavity in 
the Seal, fhould now appear with fo perfe£fc a Rtliev* 
above it ; I fee every Part of the Head, Hair, Face, and 
whole Bud, juft as plain as the Came*, or Impreffion on 

the Wax: And from the Pi&ure and Bull, which I 

l>ave often feen of Sir I/aac NcwUn y I gucfc this to be a 
Representation, ixl Miniature, of that celebrated Per- 
fonagc. 

Clson. It is, indeed, that venerable Man : But 

the Excellency of the Inftrument, in this Refpe&, con- 
fifts not fo much in the Converfton of a Figure, as to 
enable you to examine the Perfection of Work of this 
Kind ; for the Glafs will, much better than the Wax, 
ftew you the Care and Skill of the Artift in the Execu- 
tion : Nor can you, any other Way, be fo thoroughly 
Satisfied of the Value of his Performance, or the Efti- 
mation which it really deferves. Thefe Glafles, there- 
fore are of the utmoft Service to Engravers, Jewellers, 
&c. as well as to Ladies and Gentlemen of Curioiity and 
Fortune, 

Euphrof. But before we drop this Subje& of Intoglios y 
I (hall be glad to be informed of the Rcafon of fo odd, or 
rather contrary Appearance of the Objed. 

CUon. This is one of the molt celebrated optical Para- 
doxes, and is equally curious and inexplicable \ there is 
fcarce any thing in the optical Science fo direftly con- 
trary to the known Laws of Optics as this very Phaeno- 

menon : 
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menon : For it is moil certain, that the Image formed 
of the hollow Objc£fc is ftill a deeper Cavity than the 
Object itfelf, and therefore one would naturally expe£t 
to fee the Intaglio concave in a higher Degree ; whereas, 
on the contrary, it is fo much more a Cameo > or the 
Rthev in Proportion higher. In Peifpeclive, a Semi- 
circle being drawn on a proper Ground, may be made to 
appear as a convex or concave Hemifphere, at Plea Cure, 
by a proper Garofcurt, or Difpofition of Light and Shade , 
but here, without any Affifcmce of An, a more won- 
derful £ffe£fc of the fame Kind is produced ; not a plain 
Circle, but a concave Hemifphere is in any Sort of Light 

raifed into a perfeft convex one. The true phyfical 

Reafon is as yet dubious among the learned in Optics, 
and it would prove an unentertaining Difquifition to 
trouble you with it at this Time. 

Euphrof. Are there any farther Ufes to which this In- 
ftrument may be applied ? 

CU§*. Yes, of very considerable Importance ; no !«• 
ftrument being better adapted for (hewing, to the greateft 
Advantage, all Kinds of Foflils, Minerals, Ores, Earths* 
Z£c. either with a Magnifier that is now on, or others 
that might be placed in its Room : — See the Ore which I 
have now placed under the Glafs 

Euphrcj. I do, indeed, view a fine befpangled Surface rf 
femething; but had you not faid it had been an Ore, I 

Ihould not have known what it had been : 1 fee the 

jnetalline Particles curiouflv interfperfed, and incorporated 

with the ftony Matter of the Ore. i could not have 

thought the Metal had been fo diftin&Iy villble in its 

natural State as I now perceive it to be. By the 

Colour I guefs it to be Silver, as it appears not in the lead 

jdifguifed in the Stone : But what gratifies my Eyes 

in the higheft Degree is, toobferve the moft curious Vege- 
tation of the metallic Matter, it evidently (hoots into 

various Sprigs and Forms, in many Places like a Kind of 
Ramification ; and, in others, the Reprefentation of a 

beautiful Foliage. Surely, Cuomcus s this is a very 

rich Piece of Ore, as I fee it fo very replete with filver 
Particles, over all the Surface expofed to View. 

CUon. It is fo rich, my E>p-)rofyne % that one Pound of 
this Ore contains near lour Ounces of Silver.— —But 

now 
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now I will place under the Glafs another Sort of Ore,— 
fee, if you can tell me what it is. 

Evpbrtf. By the Hoc Appearance it makes, of a rich 
gold Colour, I judge it to be a Piece of gold Ore. 

CUon. I thought you would be miftaken, on that Ac- 
count ; and you lee, from thence, how eafy it is to be de- 
ceived by Appearances: The Ore which you now 
view is not Gold, but Copper Ore ; and what you fee in 
fucb brilliant golden Colours is neither Gold nor Cop- 
per, but what the Miners call Mundick, a Matter of little 
Value in itfelf, and only remarkable for its fallacious MW 
mickry of Gold*' In like Manner you may, at your 
Leifure, view all other Species of Ores and terreftrial 
Subftances, which will afiord you a mod inftru&ive A- 
mufement. 

EupbroT. I (hall be fure to embrace every Opportunity 
for that Purpofe. What is the next Ufe of this Inftru* 
ment? 

Clcon. By fcrewing on another Glafs at the Bottom, in 
the Room of that which is now there, it is converted into 
a common Microfcope for viewing any Sort of fmall Ob- 
je£b ; but, as this will afford you nothing new, it need not 
dc farther infilled upon.— —You will obferve, upon the 
Whole, that this one Inftrumem is capable of being ap- 
plied to almoft all optical Purpofes : 1 have placed 

jt on a proper Foot, or Stand, by which it may be 
readily applied to any propofed Objedt, and, as fuch, (hall 
defire your Acceptance of it. There remains yet one In- 
strument more, that (hall be the Subje& of our next Dif- 
courfe *. 



* The inftrument here defcribed, is now made with confi- 
derable Improvements, under the Title of the Graphical Per- 
spective and Microscope, for delineating all Objects im 
true Ptrfpefiivt and juft Proportion of their Parts. 
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DIALOGUE XIV. 

tte Construction and Use of the Lan- 
terna Megalographica, vulgarly called* 
TbeMAGtc Lanthorn. 

Euphrofyne, 

PRAY, Cieonicus, what Compliment do you intend 
to make me by this Inftrument, which 1 fee is a 
Magic Lanthorn^ whofe principal Ufe, as I under (land, 
is to divert Children with the Appearance of ludicrous 
Objcas ? 

CUon. The Compliment I (hall make you is no other 
than the Knowledge of the Conftrudtion, and proper 
Ufes that might be made, of a noble optical Instrument, 
whofe Nature and Ufe have been but little con fide red* 
and thofc applied to ferve the loweft Puipofes, by which 
Means this Inftrument has been brought into Diigrace, 

and acquired the vile Name of Magic Lanthorn : But 

the Abufe of Things, by the Ignorant, does not alter 
their Nature ; and becaufe this Inftrument is capable of 
exhibiting a large and furprizing View of any odd, ridi- 
culous, or monftrous tranfparent Picture, and thereby 
becafion Wonder and Surprize to an inconfiderate Popu- 
lace, it does not by any Means follow that Ladies and 
Gentlemen, nay Scholars, and Sages themfeives may not 
be very rationally amufed with the curious and noble Ef- 
fects which fuch an Inftrument can produce with proper 
Objects .applied to it. A precious Stone is not of left 
Value for being worn on the Finger of a Show-man, and 
there is nothing in the Magic Lanthorn that is fcaadalous, 
but the Name itfelf ; fo delire you will not think youcfelf 
affronted by having this Inftrument fet before you. 

Eupbrof. I only joke with you, Cleonitus, as I know 

the Reputation this Inftrument is in. But, pray, 

howr come* it to be called the Alagic Lanthorn ? 

Cleon. From the wonderful FfFefts which it was ob- 
ferved to produce, by the ftupid and fuperilitioiis Part of 
Maukind, and the Villany of Cheats and Impoftors. For, 

oa 
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on the firft Invention of this and fuel like Inltroments, 
it was well known how the Minds of ignorant People 
would be influenced by fuch amazing Effc&s; and as it 
was eafy to conceal the Caufe, the Conjuror had it, by 
this Means in his Power to work Miracle*, and multi- 
ply the Experiments of his Magic Art j and it is not lobe 
doubted, the Tribe of Miracle- Mongers found their 
Caufe of Impofture to be as much promoted, by this 
Inftrument, among their credulous Votaries, as by any 
one Inftrument that ever fell into their Hands : — — — 
But after all, nothing more has been done with the Ma- 
gic Lanthorn, to anfwer the execrable Views of Sorcerer*, 
than is daily pra&ifed with the Bible itfelf, by the Pro- 
feflbrs of pious Frauds, in aimoft every Age and Coun- 
try : and it is mod certain, that if there were no Fools, 
there could be no knavifli Pretenders to the Magic Art*, 
nor fhould we ever have heard of any fuch Thing as a 
Magic Lanthorn. We (hall therefore difcard the in- 

famous Appellation of Magic, and fubflitute in its Room 
the true and deferved Epithet of Mtgalographic Lanthorn, 
by which the Nature of the Inftrument is, as it were, de- 
ciphered and explained, as fignifying nothing more than 
the producing a very large and magnified Piflure of a /mail 
Ohjid. 

Euphrof. This Inftrument, then, I fuppofe is to be 
ufed by Candle-Light, as you have chofen the Evening 
to difcourfcof it, and from thence I conclude, that it has 
fome Affinity to ihe Solar Mtgalafcopt^ which you forae 
Time ago explained the Ufe of to me. 

CUon. It is in LfYe& aimoft the fame Inftrument; it 
differs, it is true, in Form, and requires the Candle- 
light) as the other does that of the Sun : But as a finall 
Quantity of the Sun-beams will fuffice in a Megalafcope, 
and in the Megalographic Lanthorn a very great Quantity 
of Can tile light is neceiTary, therefore the Lanthorn muft 
neccffarily exceed the Megalafcope in Bulk, as it muft 
contain the Candle itfeif, and a large Speculum, or Lens, 
by which the Li^ht miiy be collected fuificient to illumi- 
nate the Objects that are magnified : and hence arifrs a 
two-fold Conllruclion of this Inftrument, viz, with a 
Speculum and Lens conjointly, and ihc other with Lcufcs 
only. 
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Euphrtf. This, I fuppofe, is the Reafon why I fee two 
Lanthorns here before me, one of a large, and the other 
of a fmallcr Size. 

Cl&n. It is fo : The large one, as you will fee on my 
opening the Door, has a large Speculum placed on the 
Back-part, or Left-hand, which collefts the Light of the 
Candle placed in the Middle of the Lanthorn ; and then 
reflefb it to the tranfparent Images on the Oafs, to illu- 
minate them ftrongly, and then the faid*Obje& is magni- 
fied by a glaft Lens in a Aiding Tube, which adjufts it to 
a proper focal Diftance ; and becaufe the Specuhim is 
large, and the focal Diftance 12 or 15 Inches, therefore 
the Lanthorn of this Conftru&ion muft neceffarily be of 
a very confiderable Bulk.— —But in the other Lanthorn, 
upon opening the Door, you fee only a large, thick Lens 
(almoft a Hemifphere) of Glafs placed between the 
Candle and the Objefts ; and though in this Cafe the Sur- 
face of the Lens be not near fo large as that of the Spe- 
culum, yet, on Account of its much fhorter focal Dif- 
tance, the Rays of Light will be fufficiently ftrong for a 
requifice Illumination of the Objed. 

E*pbrof. I think, if 1 remember right, the Objeds 
made ufe of in thefe Lanthorns are all painted in fquare 
Panes of Glafs, and in tranfparent Colours, which are 
difoofed together in a wooden Frame to be applied for 

CU$n. They are fo ;. for it is neeeflary the Colours, 
ihould be tranfparent to render them vivid and lively io* 
their Images magnified as large as the Life :— — - As the 
Obje&s themfelves are fome of them two or three Inches 
long, therefore a large Lens will be neeeflary to be ufed ; 
4ot the Lens and its Aperture muft be proportioned to 
the Size of the Objeft in this, as well as in all other op- 
tical Instruments; and then it will be eafy to know 
what Diftance the Lanthorn muft be placed from the- 
'Wall, in order that the Portrait of a Perfon two Inches 
long may form on the Wall an Image of fix Feet high \, 
for if the Lens which magnifies it has its Focus at about 
fir Inches Diftance, then it will be as two Inches to 
fix Inches, fo is fix Feet to eighteen Feet ; therefore,. 
if the Room be 18 Feet wide, the fmall Pictures of 
Men and Women will be formed on the Wail jud 
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a* large as the Life ; and therefore, when thofe painted 
Objefts are properly chofen, this Inftrument may afford 
as agreeable an Entertainment, and excite as much ra- 
tional Laughter, as any one that I know of. And here I 
mud obfervc to you, that among the old dull Clafle* cf 
Schoolmen, Rijibiiity was cftecmed no inconfiderabie Fa* 
culcy of human Nature, and, in their Logics and Me- 
taphyfics, they often confidered it as peculiar to, and a 
dittinguilhing Chara&eriftic of Man \ and furely fnch 
Faculties were never bellowed upon us in vain: and 
therefore the Amufements of the Megalagraphic Lanthorn, 
if they were confidered in no other Light than that of 
Recreation, are worthy of rational Beings, and, confe- 
quently, far from being impertinent. 

Eupbrof. As you put fo good a Glofs upon the Mat* 
ter, you have excited my Curiofity to fee a few Experi- 
ments at this Time, though I cannot help thinking, after 
all you have faid, they will lock like Puerilities, or Enter- 
tainments fit for Boys and Girls only. 

Clew. We may fee the Force of Prejudice againft 
Things taken up in a general Way, in this one Inftance 
of your almoft invincible IndifFerency to this poor, degrad- 
ed lnftrument : For my own Part, I could heartily wifh we 
had no Opportunities to obferve our valuable Moments of 
Time fpent on Subjefts of Amufement more puerile, or 
trifling than thefe : However, I muit entertain you with 
fomething of this Kind, and, becaufe the Subjed (hsll 
tjot be low, I have procured an Artift, well (killed in this 
Miniature Painting, to draw on two or three Slips of Glafs 
the whole Proceeding of the late Coronation*, which, 
when you obferve the Motion on the AVall, you will cer* 
tainly have a different Idea than what you have hitherto 
entertained of thefe Subje&s.— See, I put the Slips in, 
one after another, and will move them in a proper Man- 
ner, while yru take a curfory View of them as they pafs 
in the regal Proceflion. 

Euphrof. This will be an elevated Subject, indeed :— 
Good Heavcnb ! The Herb-Woman appears at a greater 
Advantage than when I faw her on the Plat form at the 
Time, The Painter has certainly complimented her lit 

Maids. The Flowers lie as naturally on the Carpet 

as I then faw them s — A delightful Appearance, 

indeed j 
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indeed ; the various Orders and Degrees of Gentry and 
Nobilky, with their proper Habits, Robes, and regal In- 
veftments, bring to my Mind fo naturally the Thing itfelf, 
chat I really judge this View, by Candle-light, much to 
exceed that by Day-light, if it may be fo called when 
they returned from the Abbey. The Canopies, under 
which our Sovereigns walk, are very elegant and highly 

improved by the Painter's Hand: The King and hi? 

Royal Con for t appear with all the Pomp of folemn Majefty. 
Upon the whole, it is a moft exquifitc, grand, and 
beautiful Scene ; and were fuch Subjeds as thefe to be 
ufied for this Lan thorn, I cannot fay but I (hould be as 
much entertained with its EfFe&s as any of my Sex. 

Clean. But this is dill in the Way of Entertainment 
only, nor has the Inftrument as yet been ever applied to 
any other Purpofe, though it be very capable of it.— —I 
fliall give you fome particular Inftances of the fuperior 
Ufc of this Inftrument.— —In the firft Place, obferve 
the Obje& which now paffes over the Sheet upon the 
Wall. 

Eupbref. I know the ObjeA at its firft Appearance* 
having feen it before in the Megalafcepe of the Camera 
Qbfcura :— — It is a Leaf diflccted, or anatomifed, and 
ail its curious Ramifications and Contexture exhibit a 
delightful and inftrudive Spefbcle to the Eye. 
What other Objects of this Kind can you put into the 
Lanthorn? 

Cteem* ■ In the general ColleGion of marine Vegetables, 
or Sea Plants, with which you were fome Time ago pre- 
sented by an eminent Virtuofo, I obferved you was not a 
little delighted in recounting their various Species, and 
obferving and reflecting on their peculiar Nature and great 
Variety of beauteous Forms; you have likewife employed 
many Hours in forting them out, expanding them on 
Paper, and difpofing of them in proper Frames, which 
you now look upon as the moft ornamental Part of your' 
Study : ■ You have likewife farther obferved, that 
moft of thofe Marine Plants are tranfparent, and va- 
riegated with Colours the moil delicate to be found in 
Nature : Thefe Qualities, therefore, render thern a pro- 
ber Subject for trie Megalographic Lanthorn. — Accord- 
ttigly, I have fcle&ed a Specimen or two of that Kind, 

Vol.. IL U * aruj 
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fbeir Majefties alrnoft as large as the Life, and by this 
Method alone can they be reprefented fo in any Perfec- 
tion ; for if thefe Figures be compared with thole painted 
ones you fee before you, the Perfection of thefe Reprc<* 
dentations will as much exceed the others, as the fine Art 
of Engraving exceeds the common tawdry Painting of 
Water-colours Here yon fee Nature icfclf heigh- 
tened with all the Majefty of ornamental Decorations 
amd Attitudes, as for as the Skill of the Artift can per- 
form, and all exhibited in full Perfection in thefe mag- 
nificent Views :— - — But, behold ! a City now rifea to 
the View. 

Eypbrof. Surely, it makes a very grand and natural 
Appearance. What does it reprefent, CUonicus ? 

Ciion. It is an Im predion taken from a Medal of a per- 
fpeftive View of the City of London before the Fire, 
where you now fee the ancient State of this great Metro- 
polis, as large as in a four- fhect Print : But 1 (hall 

change the Scene, and prefent you with fomcthing that 
will be ftill more agreeable.— --—It is a variegated Piece of 
Perfpecfcive, with many emblematical Scenes on a Land* 
(cape Oround : it is the Reverfe of a Medal damped on 
fome extraordinary Occafion, though I cannot recollect 
particularly the Defign. 

Euphroj. Be that as it will, it makes a noble Picture 
on the Side of the Room; and if thefe pellucid Pieces of 
miniature Drawings are capable of fuch high Improve- 
ment by the optical Science, it is hoped our Engitjh Ar- 
fifts will think of providing proper Subjects for our En- 
tertainment this Way, in greater Plenty than we have 
hitherto had 5 fince every curious Defign of a pidlurcfqus 

Nature cannot fail of having that fcffeft. But what 

do I now fee ! a wonderful Variety of mathematical Fi- 
gures, Triangles, Circles, fcfr. in one Scene, and a 
Variety of figured Solids in the other: Pray, what is the 
Meaning of all this, CUonicus ? 

CUon. "1 hefc were intended, my Evpbr»fyne^ fnot as a 
Subject of Entertainment this W"*y, but) as an artificial 
Help to the Memory of the young Mathematician ; for on 
one Side of the Medal you have engraved, the Repre- 
fentation of the principal fundamental Theorems in Geo? 
»etry, in a Variety of .plain Surfaces:— — On the other 

v>idp 
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Side the Medal are, finely engraved, a perfpc&ive View 
of the five Platonic^ or regular Bodies ; but as I intend 
thefe only to (hew you what may be. done in every Way 
where tranfparent Obje£b can be applied, even without 
the Afliftance of Colours, I (hall conclude, at prefent, 
with One Scene more, to (hew how much thefe medallic 
Impreffions may be improved and heightened by the Ap- 
plication of Colours. — Obferve the fplencjid Appearance 
on the Wall. 

Exphrof. A glorious Sight, indeed ; the King's Anns 
all richly blazoned and coloured, as the Laws of Heral- 
dry dire&. — 1 am, by this Time, thoroughly fatisfied of 
. the delightful Effcfts of this Inftrument ; and I am im- 
patient to know how thefe Impreffions are made* as it 
will be the higheft Subjeft of Amufement for fome of 
ray leifure Time. 

CUon. It is a Solution of Ifwg-glafs in Spirits properly 
prepared, which is not worth your while to attempt : I 
have provided for you a 4 Ounce Phial of this"Sub(iance* 
which you fee has the Appearance of a fine white Glew* 
and^will (crvc you not only for taking medallic I m predion** 
but alfo for many other ufeful and valuable Purpofes. 

Eupbrof. You will be fo good as to let me fee your 

f radical Method of taking off Impreffions firft, and then 
make no Doubt but 1 (hall be able to do it myfelf. 
CUon. In the firft Place, the Medal is fuppofed to be 
very clean ; then, having diflblved the Glew by placing 
the Phial at a fmall Diftance from the Fire, and placed 
the Medal very level on the Table, I pour the Glew on 
the Surface till it has .covered the Whole, and with the 
Point of a Pin carry it nicely round upon the Edges of 
the Medal: I there let it ftand to dry, or to evaporate 
the humid Part ; the Remainder, which will be the pure 
Ifinglafs, will be fo tranfparent as not to be feen on the 
Face of the Medal, and will, of itfeif, come off without 
giving you any Trouble in thatRcfpedt : And thus they 
appear, like thofe which you here fee, of the Colour and 
Tranfparency of Glafs. 

Eupbrof. But how do you gild 'them with Gold add 
Silver, in that beautiful Manner of many of tbofe Speci- 
mens before me ? 

CUon. For that Purpofe, I lay a Leaf of Gold or Sil . 

ver on the Face of the MedaU and then pour the fluid 

U 3 • Glew 
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Glew upon it :— Or elfe, you may fitft pour on the 

Glew, and then let an expanded Leaf of Gold or Silver 
gently fall upon it, and thus the Impreffion will be gilt 
on the concave or convex Part : or you may put the Leaf 
of Gold on both Sides, and fo gild it thoroughly : And 

thus they look like Gold or Silver Medals. And I here 

prefent you with a Frame of fuch Gold Impreffions. of all 
the Kings and Queens of England fmce the Conqueft ; to- 
gether with the curious Devices On the Reverfe of each 
particular Medal. 

Eupbrtf. I am infinitely obliged to you for thefe Iti- 
ftruftions: I now can take what Variety of Impreflions 
I pleafe, and thereby enlarge and enrich my Mufccum of 
Curiofities at Pleafure.— But you was mentioning fome 
other Ufes that were to be made of this Solution i pray, 
what are they ? 

Cieon. They are of *r more fervile and inferior Nature, 
but (till the belt of their Kind > I mean, that of a gelati- 
nous Subftance, or Glew ; for it is applicable not only 
where common Glew i«, to caufe aCohefion in the high eft 
Degree between Pieces of Wood ; but in moft other Sub- 
ftances that are liable to be broke, particularly thofe valu- 
able Pieces of Furniture, Glafs and China, when broken, 
will, by this Glew, be cemented io firmly together, that 
the Juncture of the Pieces will be hardly vifible, and the 
Strength of it almoft equal to that before it was broke. 

Euphrof. Thefe are important Ufes of the Glew, in- 
deed ; but, pray, how is it npplied to produce the ftrongeft 
tflVa this Way ? 

i^eon. You mu ft proceed thus : As foon ns the Glafs 
or China in broke, lot each Part be placed by the Fire and 
nude very hot, as ;:!fo the l"hia! of Glew ; then, with a 
CamelVhair Bruili, take a little of the Glew and ftrike 
over the fraci ired Surface of each Part, then carefully 
putting tin.- l J k-ce, or Piecrs, into their proper Place, and 
gently prefl*Mig th'jrn together, let them itar.d till they are 
cold, and it will tlo ;ulrriir;'.li!r well lor ihow, and, in 
many Cafes, for real lJu\ a.*- yon wiil he thoroughly con- 
vinced of by c\cry Kxpeiiment yo-u try of thia Kind*. 



' * It was thought neccflary here to give a Re pre fen tat ion of 
the fever a I Inlli amenta that have bcer> defer i bed in fome of cbtf 
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I'he Young Gentleman and Lady's 

PHILOSOPHY. 

PART VII. 

DIALOGUE I. 

She De/cription and Rationale of the optical Oc- 
tant, WHelioftata, or optical Clock . 

tiuphr$fyne. 

IT feems, CUcnicus, by the Apparatus you have pre- 
pared for my Entertainment at this Time, that you 
are going to quit the delightful Subjeft of Optics, for 
fomething in the mechanical Way ; for what elfe can be 
the Meaning of the Quadrant, Clock, and other mecha- 
nical Preparations I here fee ? 

Cleon. T^e Subjeft of Optics is not fo foon exhaufted 
as you may imagine : This mod delightful of all philofo- 
phical Sciences affords you fuch an extenfive Field, that 
you will find, that, as yet, we have little more than 
traverfcd it half over, and that the remaining Part is all 
upon a delightful rifing Ground. The Obje&s of this 
Science are conne&ed with, and depend, in many Re- 
fpe&s, on the Principles of many others, particularly the 

lad Dialogues, that the Reader might have a more complete 
and fatisfa&ory Idea of each of them : therefore, in Plate L. 

Fig. I. Reprcfents the portable and proportionable Camera 
Obfcura* defcribed at large in the loth Dialogue of this Part* 
Page 250. 

rig. II. Is the refracting binocular Telefcope, defcribed in 
Dialogue 12, Page 270. 

Fig. III. Is the optical Inftrument, defcribed in Dialogue 
13, P. 274. It is here represented at placed on a Foot, or a 
Stand, for more convenient Ufe ; but it will do very well with* 
out. 

Fig. IV. Is the megalographic Lan thorn, above defcribed* 

As the feveral Parts of thefe Inftruments have been particu* 
forty defcribed, nothing more need be (aid of thtro here. 

U 4 moft 
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mod ufeful Science of Mechanics ; but I (hall not propofc 
any Thing for your Information that (hall give you as; 
Difficulty about underftanding it. 

Euphrtf. I (hall never be tired in my Progreft chroufh 
thefe delightful Scenes : But I cannot fay that I ever ex- 
pe&ed to meet with a Quadrant, or a Clock, in my Way 
among optical Subjefts. 

Clem. Perhaps you might not ; but it does not follow 
from thence, but that Quadrants, Clocks, and maay 
other curious Inventions, may owe their eflential Proper- 
ties and Ufes folely to the Principles of Optics, and yet 
never be the Subject of common Knowledge, or heard rf 
by you or the Bulk of Mankind.— —You will wonder, 
perhaps, if I tell you, that this very Quadrant (or, more 
properly, Oftant) has always been efteemed by thofc who 
are Judges as the moil: exquifitcand ufeful of all the noble 
Inventions in Optics, which we owe to the great Sir 
Ifaac Newton: And therefore, as fuch, I think it is very 
neceflary that a Perfon of your delicate and general Tftfte 
for Science mould be made acquainted with it— — — J 
have often obferved to you, that Science has no Relation 
to Sex, and therefore a Lady may as well be taught the 
Nature and Theory of Hadle/s Quadrant, as that a 
Gentleman fhould be at the Pains of (tudying the Theory 
and Mechanifm of a Spinning-wheel*. 

Euphrof. Whatever is of an optical Nature I am full 
will pleafe me, and therefore I (hall very readily attend to 

all you have to fay on that Inftrument. 1 fee it is fur- 

nHhed with feveral Glafics, and therefore mud be entitled 
to this Clafs: — I likewife obferve a Speculum and a Tele- 
fcope pertaining to your Clock, and therefore I confider 
it as a compound optical Machine^ 

Cleon. They are both of then* ftri£Hy fo, and the 
higheft of the catoptrical Oaf* ; for all their Effefls arc 
purely by reflected Light, and the Principle on which 
they depend is of Courfe extremely eafy, being only this* 
viz. that the Angle of Incidence is ever equal to the Angle rf 

Rcfieftion. This Principle you have long fince been 

taught the Truth of, by Experiment, and therefore mud, 

at 



* See this doraeftic Machine explained, among others, in 

Mmerf 6 n*s Mechoniu* 
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gl Ardent, be taken for granted ; and in this the whole 
Tbeorv of thefc curious InAhiments con lifts. 

Eupbrefi If nothing more than that be required as a 
preliminary Qualification, I (hall find myfclf very capable 
it nnderftanding their R*tionaU $ for there is not an Ope- 
ration of Nature more familiar or eafy of Demonftration, 
than the Principle you have now mentioned ; and there- 
fore yon may proceed^ as foon as you pleafe, to its Appli- 
cation in the Conftruftion of thofe Instruments. 

Clan. Preparatory to that, I have provided a little 
Machine to iilluftrate this Matter by Experiment: This 
coofifts, as you ob- .<-.. r. 

few, of the fol- P, r f{\ CL 

lowing [Pans, vi%Sy 
fi.) A reflc&ing 
Speculum or plain 
Gfads, A B, move- 
able on a central 
Point C, through 
which pafles a 
Wire, H E; and A 
therefore at right £== 
Angles to the u 
Plane of the Spe- 
culum, (a.) The 
Wire H C is con- 
aeded with an 
Arm H I, move* 
able about a Cen- 
ter I, fo that, by 
the Motion of the 
Arm I H, the 
Wire H E, and 
confcquently the Glafs A B, is moveable at Pleafare. 
(3.) On the Center I, with the Radius I C, vou ob- 
serve a Circle C H K I is defcribed ; and (4.) on the 
Center C, with the fame Radius, is defcribed the Circle 
DFMI. (5.) You farther obferve, that the Diameters 
D M and L H are perpendicular to the Diameters F I and 
CK. (6.) In the Diameter D M, produced towards D, 
I place a luminous Objcd, viz. the Flame of a Candle, 
Co that the Rays which come from it, and fall upon the 

Clara 
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Glafs A B, will be reflected from thence in the Dirc&iod 
C F, making the Angle of Incidence DCE, equal to 
the Angle of Reflation E C F.— In all this, I prefume, 
you underftand me, Eupbrofytu? 

Eupbrof With the utmoft Eafe, I can aflure yon. If 
there be nothing more difficult than this, you may proceed, 
fuccefsfully. 

Clean. The next Thing you are to take Notice of is v 
that if the moveable Arm I H be placed at right Angled 
to C K, then will the Wire C H divide the Quadrate 
M I into two equal Parts in the Point N, and, code— 
quently, the Perpendicular C E will bifedt the oppofter 
Part of the Circle D F in the Point E; in which Cafe 
the Angles of Incidence and Refle&ion, DC E and ECF^ 
will be each equal to 45 Degrees — .— ■ -This, likewife^ 
1 fuppofe, you very readily underftand. 

Eupbrof Yes, furely, or I muft be very dull indeed^ 
Pray, proceed. m 

Clcon. Another Thing that you muft take particuhar* 
Notice of is this, that while the Arm I H defcribes th0 
Quadrant H K, or 90 Degrees, the Wire E H will de— 
fenbe only half a Quadrant, viz. N 1 on one Part, amB- 
E F on the other ; and that therefore the angular Mo- 
tion of the Wire E H is but half ft much as that of th^ 

Arm I H. You moreover obferve, that fince th^ 

Glafs A B moves equally with the Wire E C, its angularr 
Motion will be alio the fame, and juft half that of the^ 

Arm I H. In this, likewife, I hope you will fee n^ 

Difficulty. 

Eupbrof. Not in the lead, as I wifh nothing to be mor^ 
obvious. 

Clean. By the Mechanifm of this Inftrument, upor^ 
the Center C there is a moveable Arm C O, carrying th^ 
ladiant ObjcS, fixed upon it at O ; and this Arnra*. 
C O has the fame Motion with the Arm I H, that isv^ 
when I turn the Winch you fee the Arm I H move froi* - * 
II to K in thp fame Time that the Arm C O moves fiorrt 
D to F, and that the Glafs and its Wire E H movies 
through half a Quadrant in the fame Time. 

Eupbrof. All this I obferve with Pleafurc, and under— 
itaud with Eafe. What follows next ? 
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tUnn, I torn the Winch backward, and bring the 
rms I Hand C O to their former Situation, perpcndicu- 
r tt> F K ; and you are then to take Notice, that a Ray 
' Light coming from the Candle at O, and from the 
hfm refle&ed to G, will there (hew the Image of the 
mdlc in another Looking-glafs P Q» placed perpendi- 
hr to the Right-line F K. Now the great Point to 
cotifidered is, how, or in what Manner, the refie&ed 
wn of Light C G is to be rendered permanent, or 
Moveable, while the Objed at O is moveable upon die 
«* C O, over the Arch D F; for if that can be done, 
Candle in the Glafs at G will, all that Time, remain 
rfcect, or be feen in the fame Place ; now this is ef- 
fect by the Mechanifm of this Inftrument : becaufe 
CSlafc A B, and its Perpendicular £ C, have but half 
angular Motion of the Arm C O : And thus it hap- 
••» that while E C moves over any Space towards F, 
Angle E C F will be diminifhed by that Space, and 
Angle E C D be juft fo much increafed, and, con- 
j* c **tly, that the Angle E C F may be always equal 
be Angle E C D, the Arm C O mud move juft twice 
*ft as the Perpendicular C E, or the Wire C H, and . 
a *V9i\\ the refleftcd Ray of Light always continue in 

*amc Pofition, or (hew the Image at reft in the Glafs 
*<*>. vrhile the Objed or Candle is any where (ituated 

«*e Arch D F. ■ — For Example : If the Perpen- 

U W moves from its Situation at 45 Degrees E to 50% 
11 will the Angle E C F be only 40 Degrees, and 
[ Aaigle E CD 50, which is 10 Degrees more than 
' other: Therefore, if Vvhile the Point E defcribes 5 
^R*^* 8 towards F, the Arm C O pafles over 10 Degrees, 
Jill all the while keep the Angles of Incidence and 
*^€frion equal ; and therefore the reflefted Ray C G 
^ be invariable, and (hew the Image without any Mo- 

** in the Glafs P Q. The Truth of this you ob- 

^^ by Experiment, while I continue the Macnine in 

^£*phrof. It is very true ; . I fee the Candle conftantly 
^^irjg over the Arch D F, while its Image appears per- 
***T at reft in the Glafs P Qj A very curious Effea 
***ed, and fuch as I could not have thought producible 
^*** fo eafy a Principle. 
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Clan. The next Thing tou »re tt> Dbfenre i% tkt 
fincc the Ray C G i$» by jtbu Meanj, j6*od« i* wiH he re* 
dered fo if refle&od ialp any other Pofidon • A* ftp- 
pofe G T parallel to O M, by awing the Ghf%PQ,<ft 
its Center G, into the Pofition & S f which it ftpuHdf 
parallel to that of the Glaft A B, and tfucn *n £»e, 
placed at T, will fee the Image of the Cudlcpflit 
Glafs R S at reft, as before, while the Candle mora*** 
the Quadrant of a Circle fropn D to F.i * f . turn Ac 
Glafst 1 Q. into the Pofition R S, and yon fee, by Ex- 
periment, its Image continues immoveable in the bqp- 
zontal Line T V. 

Euphnf. All this is very evident, by Iojpe&ioo.— 
I fuppofe I (hall fee the Ufe of it exemplified in the Csn- 
ftruiUon of thefe Machines. 

Cleon. You will, in many ufcful Inftancea ; B< 
yon are yet farther to obferve that, for the iajnc Reafaa, 
the reflected Ray is fixed, when the incident Ray 9 
moveable. So, on the contrary, when the incident Rar 
is fixed, the refle&ed Ray will be moveable; for, if me 
Ray O C be fuppofed to continue the (ante, while the 
Glafs A B and its Perpendicular A C be moved abort |he 
Center C, the Angle of Incidence E C D will be con* 
ftantly altering, and fince the Angle E C F mud be al- 
ways equal to it, therefore the reflected Ray C G maft 
be conftantly in Motion with a Velocity twice as great as 
that of the Perpendicular E C, or the Index C H, for 
the Reafons before mentioned. Therefore the Image will, 
in this Cafe, appear to be moveable, and which you fee in 
every common Looking glafs, -which, if you move them 
one Way or other, will always (hew a Motion in the 
Images of Objc£U by Reflection 

Eupbrof. 1 never fit down to the Toilet without being 
obliged to obferve this Phenomenon ; but 1 never advert* 
ed to the Celerity of the Motion in thofe Images, or knew 
that it was twice as great as that of the Glafs itfelf, which, 
by what you have now faid, I clearly apprehend it to 
be. 

Clcon. In the laft Place you will obferve, that when 
both the Glaflcs are equally moved together, the Per* 
pendiculars to each Glafs, as E C, G C, will conftantly 
make the fame Angle with each other , and '.hercfore, 
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ilfo, the Angle of Incidence being ever equal to the 
Angle of Refle&ion, it will follow, that the incident 
Ray O C f and the fecond rcflefted Ray G T, will ever 
be parallel to each other; and, confequently, the Image 
at V always appearing in the Line 1" V, parallel to O C, 
itauft necelTariiy be quiefcenr, or motionlefs all the Time 
the two Glades are in Motion : And this you will fee by 

the Experiment For obferve, I move both the 

Glafles in the Inftrument round the Center C, without 
altering their Positions to each other, and the Image of 
the Obje& at reft in O will appear to be at reft in the 
Glafs r Qj> to your Eye placed at K. — Again, I turn the 
Glafs P Qjnto the Pofuion R S, parallel to A B, and 
then moving them both equally about the Center C, you 
will obferve the Image, by the rcflc£lcd Ray GT, at 
reft, in the fame Manner as before. 

Evpbr$f. Your Inftrument is very prettily adapted to 
Aew thele carious Particulars very naturally : But how is 
all this applicable to the Sea Quadrant, which, it feems, 
I touft underftand before I can pretend to be an expert 
female Navigator ? 

Clem. When the Reafon of a Thing is underftood, 

the Pra&icc can never be difficult : This Quadrant, 

yon fee, which I take in my Hand, hat the lame two 
Glafles with thofe in this little Machine, the largeft of 
which anfwers to the Glafe A B, and is fixed upon an 
Index analogous to C H in the Machine ; the other Glafs, 
on the Side of the Quadrant, is to be confidexed as fixed 
while the Quadrant is in ufe, and anfwers to the Glafe 

K, S : Therefore, the Ufe of this Quadrant being 

to take the Height of the Sun at Sea, in a Ship continually 
in Motion (which would render the common Methods at 
Land impracticable there) this End is extremely well 
anfwered by the peculiar Property of this Oflant ; for, if 
I bold it up towards the Sun, the Rays refle&ed from the 
Index Glafs to the other* will, upon moving the Index, 
(hew a Motion of the Sun's Image irr that other Glafs : 
And, as one half only is filvered, the folar Image will in 
that be feen $ and, in the unfilvered Part, the Horizon, 
0X Edge of the Sea, will appear : And confequently, 
while you move the Index forward on the Limb of the 
Quadrant, you will obferve the Image of the Sun to de- 
scend 
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fcend in the Glafs, till at Length it touches, with its 
lowed Limb, the horizontal Edge of the Sea: And when 
I have got it there, it will appear at reft, notwithstanding 
the Quadrant, or GlaSes are moveable by the Motion « 
the Ship: The Navigator, therefore, has it in his Power 
to make this Contact as nicely as he pleafes ; and fom 
what I Ihewcd you before, the angular Motion of the 
Image of the Sun is twice as great as that of the Index 
cf the Quadrant: And therefpre I. need only obferve, 
that that /ingle is exprefled in the proper Degrees on die 
Limb, by reckoning every half Degree a whole one ; for 
you obferve, the Limb of the Quadrant is divided into 

?o Degrees, whereas it is in Reality but 45, of the 8th 
art of a Circle (for which Rcafon it is properly an 
Qclariti and not a Quadrant :) And thus the Arch of the 
Sun's Altitude is, at any Time, very eafily taken on the 
unfteady Bafis of a Ship. 

Eupbrof. 1 make no doubt but you can exemplify the 
Ufe of this Inftrument by Moon-light, as well as that of 
the Sun : If fo, there is now as delightful a dear Moon 
a$ you could wifh. 

Clan There is fo : And I (hall command the Queen' 
of Night to defcend, in Complaifcnce to you, from her 
lofty setherial Seat, and be perched upon the Top of 
yonder Chimney, without any Power to move : or, to 
be ferious, I will inftantly meafure her Height above that 
Chimney, which (he feems to be perpendicular over.— 
Here, take the Quadrant, and hold it juft in the Pofition 
as you fee me do, and, looking through the fmall Hole 
in the Sight-Vane, you will perceive the Moon deprefied 
to the Edge of the Chimney ; and moving the Quadrant 
any how, you will obferve the Image of the Moon to be 
as immoveable as the Chimney itfelf. 

Eupbrof. I do, indeed ; and fo curious a Sight I never 
before beheld : For notwithftanding I move the Qua- 
drant, or Glaifes, the Moon appears as absolutely fteady 

as if nailed on to the Top of the Chimney. —Now 

let me fee the Number of Degrees on the Limb, ■ 

the Virnur cuts 27 30'; that, I prefume, is what you 
call the Height of the Moon above the Top of the Chim- 
ney ? 
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C/tsft. - It if :. And after the frmc Manner you will find 
the Degrees contained in an Arch of the Heavens be- 
tween the Moon and any particular Star, which is called. 
the Diftance of the Moon from the Star. Thus you ob- 
ferve yonder bright Star, called Regulus, or the Lion's 
Heart \ the Diftance of that Star frora the Moon I eafilf 
fr*4fc by putting the Quadrant into a proper Pofition for. 
bringing the Reflection of the Star upon the quickfilvered 
P^rt of the fmall GJab, and then I move the Index till I 
bring the Image of the Star to touch the Limb of the 
Moon next to it, and then you will obferve the curious 
Appearance they make both together ; Here, take 

the Quadrant, and put it into the fame Pofition for your 
own Eye. 

Eupbrtf. .This I will do as foon as I can : — I find it. 

requires a little Pradlice to be ready at this Matter : 1 

have juft now brought it to bear, and fee the Star nicely 
touch the Limb of the Moon next to it. — This is a very 
pretty Phenomenon, indeed. 

Chen, On the. Limb, you obferve, the Index has 
moved over 23 Aivifions, which is therefore the Number 
of pegrees contained in the Arch of a great Circle, 
between the Moon and the Star: And to meafnre this 
Diftance of a Star or the Sun from the Moon, is a prin- 
cipal, and moft ufeful Problem in Navigation, and was 
the original grand Defign of this Invention, by Sir Ifa*c 
NiwUn. 

E*pbr$f. You have thoroughly convinced me of the 
important Ufes of this valuable optical Inftrumcnt: 
But I imagine, fince you can fo readily meafure the Arch 
o£ Diftance between any two Objects, it muft be of Ufc 
in many Cafes on Land, as well as at Sea: Is it not, 
Clemens t 

Clfon. You may think it very ftrange, that a Perfoa 
Hiould be able, by any Inftrument whatever, to take the 
Height of the Sun, or any other Objett, in a Ship rolling 
on the Waves of the Sea, more certainty, than on the 
firmed Footing by Land : But you will foon recolle&, that 
at Sea there is fometimes a clear and evident Horizon, 
from which we can meafure the Height of the Sun, 
ldoon, or Star ; but, on Land, fuch an Horizon is 
wanting, and therefore this excellent Inftrument is but 
r ' of 



304 THfi '-YOUNG 1 GENTLEMAN 

bf tittle ufe b the common GonftriiAion : But it is yet 
capable of an artHkid\HmfBm being adapted to it, sal 
thereby the Altitude of the San' may be obferved* art 



only bv Land, but likewife at Sea ra foggy Weatlm,' 
when the Sun, but no Horizon, can be teen : By ttb 
Mens allb, it may be rendered of very great Ufe in few 



when the Sun, but no Horizon, can be 
Mens allb, it may be rendered of very git 
vcpng, and m all Cafo^rhereaTfct^i/rf, Ch 
or common $**dr*ntt are applicable. 

This new ConftruAion of a Quadrant I (hall rake km 
other Opportunity of giving yon a farther Tnfight htifc 
having laid* at prdent* as rnuch as I thought nc6dbry,» 
gr^ you a generaTIdea of Ars nofak InTeSfibn, as it per* 
tain* to the Clafs of $piicd Inftmmtms** - 
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?b? Dcfcriptio* and Ufe of the Hbmqstata, r 
the folftitial and plarittry Cloc*, oncnmCm- 
fruEtiw* for fixing the Sun, Moon, and Pu« 

' HfTs in aftronomical Observations. 

CUotiicus. 

I Rave referred this Opportunity as the inoft conve- 
nient, for inftru&ing you in the Knowledge of tl* 
Nature and Ufe of an Inftrurncnt, whofe Theory is the 
mod fublime of all in Philofophy. This grand Invention* 
like all others, has arrived at its prefent Perfection by fe- 
deral Gradations. Its firft Principle is founded in Optics, 
and its general Nature is derived from optical, mechani- 
cal, and aftronomical Principles *, and this you will eafilf 
conceive when I tell you, that it is a Clock of fuck s 
peculiar Nature, as to fix the Rays of Light from any 
radiant Obje£r, and thereby to render the Sun Beams c* 
Ufe in the Cmmera Obfcura more perfe£Uy than any 

* It wat not judged naceflary to exhibit, in s Plate, aoy 
Thing relating to the Structure or Uiei of the Quadrant, ss 
chat is folly done id a fmail Treat i ft, which is given with every 
laftruaeat of this Kind that it fold. 

6 Inftrumeot 
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niment has hitherto done ; and alfo, what is ftill of 
h greater Confequence, the Aftronomcr can hereby 
n the Sun, Moon, or Planet, in his Telefcope, in 
idcent State ; hy which means they become the 
?r Subjects of his Observation, and that for any 
2 propofed. This hath been hitherto the Deftdcrotuw 
ftronomy ; for as often as the Aitflonomer has been 
t upon determining the Eclipfes of the Sun and 
i» upon delineating their Macula, or Spots, or 
lr ing their apparent Diameters with a Micrometer, 
en he could wifh to fay, Sun^ Jiand thou flill \ and 

JMoon y proceed no farther in thy Path : Since the 
trit Motion of thofe Luminaries, in the Telcfcopes, 
-yery Moment elude his utmoft Efforts to accomplifii 
^ove mentioned Defigns. 

phrof. Well, and are thofe great Points effected 
t>j this new Clock, which I here obferve in fo elegant 
1 ftru£tion ? 

«w. They are, in a Degree fuperior to any Thing 
could be expected in fo complicated a Machine, and 

diffident to anfwer all the Intentions of the molt 

ate Aftronomer. It may feem very ftrange, 

hough it be wholly impofliblc to Hop the Sun in its 
(c, yet that it mould be fo eafy to fix, as it were, 
ays, and thereby render him apparently motionlefs : 
Nothing has been fo arduous and paradoxical, which 
lophers have not, at one Time or other, endea- 
-d to effe£t, and often have found, to their great 
r^aion, and to the Perfection of the Sciences, that 
are far lefs fo in Fact than in Appearance — The firft 

towards the Difcovery of this univerfal, optical, 
iftronomical Clock, was the Invention of Sir IJaac 
t*n % in regard to fixing the Image of the Sun, by 
Reflections from two Speculums in Hadlefs Qiia- 
: 9 as I explained to you in the laft Converfation : 
ince it appeared, from the Experiment in the fmall 
line you then faw, that the Beam of Light from a 
Sable Object was rendered (table by one Reflection, 
of Confequence the Image was thereby rendered 
cent, or at reft, by a Reflection of that fixed Ray, 
as eafy to conclude, that if Rays, thus fixed by a 
Refledion, could be thrown upon the Object gtafs 
:>l. II. X of 
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of a Tdefcope, by Reflexion from a fecond Speculum, 
then might the Image of the Obje£fc be made to appear 
at Reft through fiich a Telefcope, and this was toon 
found to be prafticable, by Experiment : But then they 
found a con flam manual Operation ' was neceflary, ifl 
keep the firft Speculum moving, lb at always to keep 
the refle&ed Rays in one and the lame Pofition in the 
Telefcope.—— Thus far went the illuftrious Inventor 
bimfelf here in England * and the celebrated FabrtwUit 
and Boffau abroad. 

Eupbrof. 'This feems tp b* a large Step taken at once; 
but, pray, what was the next Enterprise, to render this 
Machine more perfeG ? r l 

CUon. The next Improvement was an Addition of 
Clock-writ, by the lace learned YGravefax/it, who, 
in a mod fuperb Manner, coriftru£ted one of thefe 
Machines, by which the folar ' Beams, reflected from i 
fmgle Speculum, were rendpred permanent, and con- 
fefcjuently fit for all Experiments of the Camera Obfcvc, 
and all the Purpofes of telefcopic and aftioncmicd 
Obfervation. f f ■ ' "■ 

Eupbrof. No doubt but fuch an Achievement in the 
Sciences was received with great Eagerncfs and Applaufe: 
I fuppofe, thofe w!\o had Occafion for trying Experiments 
on Prifms, the folar iMicrofcope, &c. took the firft Op- 
portunity of availing themfelves of this Invention, and 
that no public or private Obfervatory would be without 
fuch a telefcopic Clock. 

Clean. Alas ! my Eupbrcfyne, it is much to be wiflied, 
the Fate of the Sciences were not fo much like that cf 
Virtue itfelf, viz, to languijh under nniverfai Jpplanfc: 
. For notwithstanding the Philofopher had, by this Means 
rendered the Sun obedient to all their Wills, and fixed 
him for their View for every Kind of Obfervation, yi 
have 1 never heard of a Purchafer of one of thofe noble 
Machines, nor have I converftd wi;h any Gentleman 
who had ever fo much as feen them. I thought it would 
refled great Di (honour for fuch an Invention not to be 
found in any Eng'i/h Author, and theiefore procured a 
Copper-p'.ate of it to be engraved and publifhed, to 
gratify luch Evglijh Artifts who might be willing to 
enquire into its Nature and Ufes ; and this, as far as I 

can 
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can learn, is the only Appearance it has ever made in 
£ugland *. 

Euphref. But I fee you have now proceeded farther, 
and conftrufied fuch a Clock in Reality : Pray, is this 
the fame as you mentioned before of s'Gravefande, or 
is it with any additional Improvement fince ? 

Clf*. It has received feveral Additions from the ce- 
- lebrated Philofopher and Mechanic C.G.Kratzenste i n 
at Peterflurg, who has rendered its Conftru&ion more 
univerfal, by adapting it to the Motion of the Planets, 
as well as that of the Sun, to which s'Gravefande was 
confined, together with fome other Alterations and Im- 
provements, which render the Ufe of it more fimple and 
eafy: But even the Accounts which this Gentleman has 
given of the Machine, in the Commentaries of the im- 
perial Academy of Sciences, is fuch as left fuflicient Room 
for many Alterations to be made even in his new Con- 
ftru&ion. Thefe I have attempted in the bed Manner I 
couid think of, and which makes the Appearance of the 
Clock as here exhibited to your View ; and I can think 
of nothing more that can be altered, or added to it, to 
render it more fit for ufe. 

Ettpbref As this Machine promifes fo much Eafe # 
with Exactnefs, in aftronomical Obfervatiens, I fuppofe 
thofe Machines that have been heretofore ufed for fuch 
Purpofes will now be laid afide, unlefs the Expence fhoutd 
be any Objection ta this new Improvement. 

Glean. The Kxpence is fo far from being an Obje£lioa 
Again It ir, that it is a very great Circumliance in its 
Favour ; it is defigned to fucceed what is ufually called 
the tquaUriol Telefcope y which, by a large and complicated 
Syflem of Wheel-work, puts it in our Power to find out 
the heavenly Bodies very readily, and to continue them 
in the Field of the Telclcope, by a conftant Application 
of the Hai;d to the feveral Screws ; by this Means, the 
Aftronomer can make a (hi ft to keep the i lanet in View, 
but not to fix it there : which was the great Point wanting, 
and effected only by this new aftronomical Clock : And 



* The Plate here referred to \s to be fcen in the PLilnfaplla 
Sritannlca, at the End of the Ledurc on Optica* 
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Euphrof. I have not a clear Idea of what you mean by 
fc lunar or planetary Day : Pray, CUonicus, explain that 
Matter to me, that I may underftand the Ufe of your 
Machine in its full Extent ? 

CUon. That I will do, as fuch a Phrafeology is not as 
yet very common \ and, for this Purpofe, I (hall dif- 
thlguifh Days into four Kinds, (i.) A fidcreal Day is 
that -Space of Time which is taken up in one complete 
Revolution of the Earth upon its Axis, or, in other 
Words, the Time that pafles from the Moment in which 
my particular Star is on the Meridian* to the Moment 
it returns to that Meridian again. (2). A folor Day 11 
the Time that pafles from the Sun's leaving the Meridian, 
tD jtf Return thither again : This Day we ufually divide 
into 24 Hours. (3 ) The lunar Day is the Time which 
intervenes between the Moon's Departure from the Men* 
Am, and her Appulfe to it again. (4.) A planetary Day 
it the Time which the Planets federally take in departing 

from, and returning to the fame Meridian. Theie 

federal Sorts of Days are of a very different Length from 
tech other, and the three lad conft mtly variable among 
(thenfeWes ; efpecially thofe of the Moon and Planets : 
And as the Defign of this Clock is to (lop the apparent 
Motion of thefe Luminaries, it is neceflary the Index of 
Ac Clock fhould be adapted to a Motion analogous to 
tUdfe of the heavenly Bodies themfdves, which is effected 
|jy a Pendulum of a different Structure from any that 
feaa yet been made, as none of the common Sort would 
JbWnmodioufly anfwer this End. 
• Euphrof. Then, if 1 apprehend you right, when you 

rpofe to obferve the Sun, you adapt the Pendulum 
moving the Index in fuch a Manner as to (hew 
'Time, or the 24 Hours of the common Day. 



Sttt 



how do you proceed with regard to the Moon and 
Pimntts f 

vGfoflr. As the lunar Days are almoft an Hour longer 
don the N folar Day, the Pendulum mud be made to 
vibrate llower, fo that the Index, or Hand of the Clock 
any be made to g; once round in about 25, inftcad of 
*4 Hours ; for the longer the Time is of the diurnal 
Revolution, the llower the Pendulum muft move of 
Courfe, that the Hand of the Clock may correfpond to 
X 3 the 
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the Motion of the Planet, Thus, for Inftance, the 
longed lunar Day is almoft exaOly 25 Hours, and there- 
fore, if I make the Vibration of the Pendulum flower, 
in the Proportion of 25 to 14, the Index of the Clod 
will keep Time with the Moon for that Day, in fuch 
Manner, that were you to obfcrve the Moon through the 
Telcfcope, by the Rays of Light refleded into it from 
the Speculum of the Clock, (he would appear fixed, 
or immoveable m> the Field of View, and you would have 
the utmoft Pleafare of viewing her variegated Face without 
any Interruption from her Motion ; of which figml 
Curiofity, I (hall give you a remarkable Inftance, by- 
and-by, by Way of Experiment, after we have refrefhcd 
ourfelves at the Tea-taWe.— — But as for the Planets, 
their Motions are, fome flower, and others quicker than 
that of the Sun m r their Days will therefore be, in Pro- 
portion,, (hotter or longer than the filar Day. Thus, for 
Example, fuppofe Saturn upon the Meridian, together 
with the Sun, this Day at Noon,, then, as the Motion 
of Saturn is flower than that of the Earth, in its Orbit, 
or Sun in the Heavens, the Earth, in revolving upon 
its Axis, will fooner bring the fame Meridian to Arfarrt, 
than to the Sun ; and, therefore, when I (hew you that 
Planet through the Telefcape of the Machine, in order 
that he may remain quiefcent in the View, it will be 
neceflary for me to accelerate the Motion of the Pendu- 
lum in Proportion, as the Sat ur titan Day is fhorier than 
that of the Solar One. On the other Hand, if it be pro- 
pofed to view the Planet Mercury, as his diurnal Motion 
in his Orbit exceeds that of the Sun, then, if I retard 
the Motion of the Pendulum in fuch Proportion as the 
mercurial Day exceeds the Length of the filar Day, will 
you have a View of this Planet fixed, or permanent as 
if really motionlefs in the Heavens. And this Procedure 
is the fame with regard to any of the other Planets; 
and this is called, rectifying the Machine for planetary 
Obfirvations. 

Eupbrof. I fuppofe it will alfo require to be rectified for 
the Latitude of the Place, fince I perceive your Clock is 
not in a perpendicular Po fit ion, like other Clocks j but 
inclined to the Horizon in a certain Angle. 
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t CUon. It is true ; the Face or Plane of the Clock 
hiiift ever be parallel to that of the Equator, and there- 
fore inclined, in the fame Angle, to the Horizon ; and 
confequently the Clock mult be rectified to the Latitude 
of the Place where it is ufed ; on which Account, the 
Fulciment, or Supporter at the End of the Hour-Index, 
which carries and directs the Index of the Speculum, mult 
alfo be longer, or fhorter, in Proportion, as the Latitude 
is greater or lefs ; for other wife, if this be not fcrupu- 
loufly obferved, the Luminary will not appear fixed in 
the Tclefcope. 

Ettpbrof. I farther imagine, by another Part of your 
Apparatus for the Speculum, that that alfo mud be redli- 
fjed, or adjufted to the Sun's Declination at different 
Times of the Year. 

CUon. In this you alfo conjecture right ; for, accord- 
ing to the different Declination of the Sun, North or 
South of the Equator, fo the Speculum mult confequent- 
ly have its Height above, and Di fiance from the Clock 
properly altered : To which End, you obferve, a due 
Provifion is made by Sliding bars, which are adjufted, by 
Screws, to a great Exaflncfs in eiich of thcie Kefpects ; 
and becaufe the Declination of the Moon and Planets, 
from the Equator, never exceed 30° o, it was not 
neceflary to provide for viewing any Objects beyond that. 
Eupbrof. Do you not likewiie find it neceflary to adjufi 
the Machine, in regard to the Meridian and Horizon ? 

CUon, Yes : Thcfe arc alfo Articles to be nicely 
obferved ; and in order thereto, you take Notice cf a 
curious mognetical Needle and Compass placed in a 
proper Part of the Machine, by which it is placed due 
/forth and South: — —And then, with regard to his 
horizontal Pofition, you fee there arc tv/o Spirit levels 
placed at Right-angles to each other, by Means of which, 
and four adjufting Screws, the Machine in ail its Parts it 
truly placed in a horizontal Pofition. Thefe Things arc 
all of them eafy to be performed for any given Time, as 
it evident by tnfpe&ion. 

Euphrof. But, as the Speculum has its Height con- 
stantly varying above the i afe ol the Machine, it (ccms 
neceflary that the Telefcope lhonld always keep Pace 
"With it, or be elevated, or dcpreilid, exaftly in the 
X 4 fame 
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feme Degree : To which Purpofe, I fee the fame Con- 
trivance applied by Sliding-Plates and adjufting-Scrcwi, 

for fixing it in the required Pofition. If there be any 

farther Particulars relating to its Unification, you will be 
kind enough to mention them, as I am impatient to fee 
the EffcQs of fo requifite and uncommon a Machine. 

CU$n. Nothing remains now but to redify the lb- 
chine, and fhew you the Ufe of it, which, at prefent, 
mud be confined to the Sun : We hare juft now half an 

Hour for that Purpofe. To this End, k will be only 

Aeceffary to put to the Window-fti utters, and let a Bom 
of the Light come through a Hole, made in one of them 
of a fufficient Width, that it may, for fome Time toge- 
ther, fall upon the reflecting Speculum* — This yon fee is 
done, and the Sun- beam is reflected in a Pofition parallel 
to the Floor, and falls on the Side of the Room, which 
refleded Beam you will obferve continues immoveable, 
or always retains the fame Pofition or Di reft ion. 

Euphrcf. To prove this, 1 mull make a Mark with 
my Pencil in the Side of the luminous Spot, and then. 

I can cafily obferve if it moves or not. A fufficient 

Time has patted to have obferved the Motion, if there 

Was any : By this Time lam fully convinced that the 

reflected Beam is perfeclly quiefcent: It is not wiib- 

out fome Degree of Mirprize, and equal Pleafure, that I 
obferve this new and very extraordinary Phamomenon, 
a Btam cf Light fixed and mit'ionlc/i ! 

Clean. It muft afford the higheft Satisfaction to every 
Virtuofo in Optics, to have the folar Beam t r an f mined 
into his Room, and there, by this Means, rendered con- 
ftaut and immoveable, for Hoars together, without the 
lcalt Trouble to himfVlf •, while he may fit down, and, 
at his Tleafure, apply his Prifms in all the Variety of 
Experiments relative to the different Refrangibility, Re- 
flexibility, and Colours of Light : Alfo, his folar Micro- 
fcope, for magnifying final 1 Objefts, may here be applied 
without that expen five Apparatus that ufually attends 
them, the JViifon\ Part only being here fufficient for alt 
fuch Purpofes ; efpecially if, inftcad of the plain Specu- 
lum which you now fee applied to the Clock, one con- 
fiderably concave was placed in its Stead ; for then 
would the Rays of Light be reflected converging to a 

Focus, 
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Focus, and in this converging State, Iftlfon's Microfcope 
might eafily be applied, on a proper Foot or Stand, and 
all Experiments thereby performed with the utmoft 
Etfe. 

Eupbrof This I plainly perceive ; and many other 
Ufes I make no Doubt but fuch a permanent Beam of. 
Light, in its various Forms of parallel, diverging, and 
converging Rays, may be made to anfwer, by thofe who 
arc curious in this Science But I want to have a 

View of the Sun through the Telefcope, which I obfervc 
you have taken off from the Machine. 

Cle$n. 1 will replace it, and adjuft it,. that you may 
fay, for once, you have feen the Sun without Motion. — 
There, look through it. 

Eupbrof. I behold the glorious Orb, which nearly filb 
the Field of View : — And there I fee it remains without 

the leaft Tendency to Motion : With how much 

Pleafure, now, I view the Spots on the feveral Parts of 
his Difk, and their relative Pofitions : I have now an 
undifturbed View of every Part of that wonderous Body, 
which 1 never beheld in any fuch Perfection before :— — . 
It gives me great Pleafure and Delight, to fee the Sun 
Jiandjlill by fuch a plain and fimple Contrivance of Art : 
One would wonder, that a I hing fo very curious in 
its Nature, and yet fo very plain and eafy in itfelf, (hould 
not long ere now have been found out. 

Cleon. There feems to be, for the continual Entertain- 
ment of Mankind, a gradual Difcovery both in the Works 
of Nature and Art. It is not confident with the Notion* 
wt ought to form of a wife Providence, that irfliould at 
once open all the Scenes of Knowledge to the Views of 
Jtfankind: This would rather confound and perplex, 
than inftruft and amufc them ; and it appears, by Expe- 
rience, that every Age, before it can be thoroughly 
inftru&ed in the Doctrines of former Times, has a great 
Variety of Novelty to excite and exercifc the Ingenuity 

of Men. But to return : You have fecn the Sun 

itfelf quiefcent through the Telefcope j you will, in the 
next Place, be no lefs pleafed to fee the Image of this 
great Luminary tranfmitted through the Telefcope on 
the Side of the Room, as foon as you remove from your 
Place.— — I move the Screw on the Side of the Tele- 
fcope 
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fcope but a little, and you fee the folar Dilk, with all 
its Spots, depi&ured on the Side of the Room, as motion* 
Ids as a Pidure in a Frame : You may there draw the 1 
Circle and delineate all the Spots, and thus make a Map 
of the Sun with Eafc and Pleafurc. 

Eupbnf. Thi3 is a mod curious EflFeft indeed, and one 
of the mod fublirae Experiments I have hitherto fecn : 
■ ' —The Sun itfclf, the Beam, the Image, the Spots, 
are all, by this Means, permanent and fixed, and, coo- 
fequently, mult thereby give the higheft Satisfaction id 
all curious Enquiries of Nature, and anfwer the tttmoft 

Expectations of Aftronomers. But now let us adjourtt 

to Tea : I am perfuaded by this Time, you (land in Need 
Of fome Refrefliment. — 

Cleon. I promifed you, as foon as it became dark, W 
entertain you with a View of the Moon and the Planet 
Jupiter, through this horological Telcfcope, and we 
have now a mod delightful Opportunity for that Pur* 
pofe i—The Evening is very clear and mild, and the Mood 
and Planet prcfcnt themfelves fairly to the View. 

Eupbrof. We could not have wifhed for an Evening 
more ferene : — But your Machine, I prefume, will want 
adjufting before I can have the Pleafure of any lunar 
Afpe&s through it. You told me the lunar Day was 
longer than that of the Sun, and that therefore the Pen- 
dulum mud vibrate flower to adjuft the Clock to lunar 
1 mie. 

Cleon. This is previoufly neccfliry to be done ; for, by 
the Nature of this Pendulum, the Clock may be ad j tided 
to any Sort of Time without altering its Length, or the 
Ufe of any fecondary Bob or Bail to be fcrcwed up and 
down, as in common Pendulums: — I have fet it now to 

the Time of the prefent lunar Day : 1 find, by the 

Epbcmeriiy that the Moon will culminate this Night, or 
be upon the Meridian at three Minutes after XI, there- 
fore I move the Hour-circle about till fuch Time the 
common XII o'Clock Line cuts that Hour and Minute: 
Thus is the Hour circle adjufted for the Moon.— 
Then I place the Hour- Index to the prefent Moment of 

Time, which is half an Hour after VII. Lallly, 

I adjuft the Speculum to the Moon's Declination, and 
placing the Machine due North and South, you will 

find 
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find the lunar Rays, reflected from the Speculum into 
tfee Tclefcopc, will prefent you with the Phafes of thar 
no&urnal Luminary without arty Interruption from its 

Motion. You may now replace yourfclf in your 

Cbair and view them. 

Eupkrof. *Tis delightful, thus to fet at my Eafc 
and view the befpangled Face of the Moon as long as 

1 chufe : 1 have now nothing to do but to feaft my 

Eyes with that wonderful Variety which there appears : 
1 have often viewed her dark and brighter Spots, but 
never bad fo clear an Idea of all together as now prefents 

ltfclf in this fleady and uninterrupted View. \% 

feemf all one, as if I viewed a real Map of the Moon 

drawn with infinite Art and Perfection. —As I un- 

derftand, pretty well, the Rules of Drawing, 1 could 
find no Difficulty in making an exact Copy of this 

celeftial Prototype : Which brings to my Mind, 

how often I have wi(hed that fach a Thing as this could 
be rendered feafible, that we might have the Pleafure of 
viewing the Moon in nn adequate Reprefen ration, or a 
Natural Map thereof, as 1 am fully convinced nothing of 
that Kind, of feven or eight that I have hitherto feen, can 
any how deferve that Title, or be eftecmed a tolerably 
Copy of the Moon. 

Cieon. What ycu obferve is with too much Reafon ; 
the World abounds with Maps of the Moon, and fome 
of the Sun ; but they who made the latter, one would 
fiaturally think were horn blind ; at leaft, it could never 
Be fuppofed they had ever icen the Face of the Sun thro* 
a Telefcope, as there cannot well be a greater Difference 
between the uniformly fmooth and glowing Face of fhe 
Sun, decorated only with a few fmall Spots, and that 
ftocking Reprefentation thereof by Father Kircher^ fuH 

of Flames and Vulcanos. It is too cafy a Matter to 

view the Face of the Moon in a common Telefcope, not 
to be able to make fome Refemblance of her ; but (lift 
it is evident, from all the Maps of the Moon I have 
hitherto feen, that Refemblance is fo diftant, and fo im- 
perfect, as to be fcarccly allowed to be called a Portrait 
of the Lineaments and native Beauties of her Face.- 
In (hort, our Stenography is the mod imperfect Part of 
all our Aftronomy * But you fee, by this Machine, how 

"<7 
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eafy it is to make an exaft Draught of the Moon, evet 
juft as eafy as to take a Copy of any Family Piece placecz 
on the Eafel before you. Nay, even thofe who havens 
Skill in Drawing, by Means of a proper Lattice o^ 
Squares placed in the Focus of this Telefcope, mights 
in this Manner* be able to make an accurate Map of th j 
Moon. 

Euphrof This noble Invention makes all the DiffiS 
culty of conflru&ing a juft Map of the Moon vanifl), ^m 
here is nothing to divert or interrupt his Pencil or 13 
Fancy. — But 1 (hall be too tedious, therefore haften fc 
fliew me the Planet ; for I confuler that you have dome 
as it were, double Duty this Day, and that you will lxu 
be a little fatigued. 

Clan. Never fear me, my Eupbrofyne : Why (houlc/ 
not I be able to talk two Hours, as well as fome of your 

Sex a whole Day together. But now for the Planet : 

the Scene mud be altered, the Jovian Day is (horter than 
that of the Sun, and therefore the Pendulum muft now 
be adjufted to beat Time to Jupiter : — Alfo, the Specu- 
lum mud be adapted toits Declination from the Equator; 
and as he was upon the Meridian at VII o'Clock this 
Evening, and it is now juft turned of VIII, therefore 
I bring the Hour of VII to the Meridian Line of the 
Clock, and place the Hour-hand to the prefent Minute 
after VIII, and thus is the whole Machine, in all its 
Parts, adjufted to view the Pianet, undifturbed by the 
Motion of the Earth about its Axis, or his own real 

Motion in his Orbit : As fuch you may now 

view it. 

Euphrof. I view him in perfe& Serenity and Reft : 
. — A charming View of his fpacious Diflc regales my 

Sight : 1 fee three of his Moons with great Diftinft- 

nefs ; but one of them is either eclipfed or fuffers an 

Occultation. He continues ftill in the fame Part of 

the Field. -This muft, furely, give a fair Opportunity 

for obferving the Eclipfes and Occultations of thefe 
Satellites, and conllqutiidy for discovering the Longitude, 
which, I have often heard you fay, is more fcafibly by 
this Method than by any other. 

Cleon. Your Obfervntion is very juft : This Clock 
will be of finguiar Benefit to Mankind in that Particular j 

flnce, 
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iocc, in whatever Part of the World it is ufed, the 
.xragitnde of that Place will be hereby difcovered with 

be utmoft Eafe and Certainty. In fliort, from the 

Mature of the Thing, it is mod evident, that no aftro- 
loroical Observations can be made with Eafe and Exa£U 
cft by any other Means than this, which will be fufficient 
> recommend it to all the Studious in natural Science, 
i an Objed of the greateft Curiofity and Utility to 
lankind.— Having thus given you a particular Ac- 
ount of all the ufeful Con ftr unions of optical Inftru- 
lenCSy I (hall endeavour to. prepare you, at the next 
>pportunity for perceiving the infinite Wifdom in the 
2onftru£tion of the Organ of Sight, or Vifion, in the 
atural Mechanifm of the Eye, by a few previous Spe- 
olations on the Nature and Effects of fingle Glaffes or 
<enfe*. 



DIALOGUE III. 

)a the Nature and Uses of Single 
Lenses, both Convex and Concave, applied as 
Reading-Glasses, Visual-Glasses, 
and Burning -Glasses. 

Euphrofine. 

|T gives me the greateft Pleafure to find we are ap- 
I proaching towards an Enquiry into the natural Con- 
Ehution and Mechanifm of the Eye, which you propofe 
> explain to me, by a Di flection of the fame, and a 
articular Account in what Manner every Part is con* 

ucive to fo noble an End : But you tell me, I mull 

c previoufly acquainted with the Ufe of fingle Glafle% 
tie better to comprehend the fame \ and accordingly I fee 
ou have a great Variety of convex and concave Lenfes, 
pe&aclcs, &c* fpread before me on the Table. 

CUon. I have provided fuch an Aflbrtment only as will 
e neceffary for you to know the Ufes of, as Reading- 
rlafles, or fuch as aflift the Sight by a fingle Application 
: theni to the Eye.— — - 13ut here I do net fuppofe 

5 you 
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you are ignorant of the Nature of a convex Glad in ge- 
neral, or of its Ufes in the Conftruftion of optical la- 
Jtrumcnts, which I have exemplified to yon in fo many 

Cafes. t- You very well know, that if an Object be 

placed on one Side of fuch a Lens, at more than its focal 
Diftance from it, the Rays, proceeding from every Point, 
diverging upon the Glafs, will be refra&ed through it, 
converging to fo many Points on the other Side, which 
form the Image thereof. You have alfo been taught* 

that when an Objeft is placed juft at the focal Diftance 
of the Lens, the Rays will then be refira&ed parallel to 
each other, and thereby fitted to produce diftinfl Vtfiou of 
fuch an Obje& : This you had an f nfbnce of in thofc very 
fmall Lenfes which are ufed in (ingie Microfcepes:— — 
But there is one Cafe yet remaining, in which both con- 
vex and concave Lenfes become extremely ufeful to Man- 
]und 9 which has not yet been explained : And that is, 
when the Objcft is placed between the focal Point and die 
Glafs itfelf. 

Euphnf. This Cafe is indeed new to me, and I Oiould 
be very much pleafed to know in what Manner ihefe 
Glafies are rendered ferviceable to us in this Refpefh— 
When an Image is formed of an Object, by a Lens, I 
can ea&ly conceive how that ObjeS may be contemplated 

in its Image ; alfo, I know, that when au Objeft is 

placed in the Focus of a Lens, it becomes in itfelf there- 
by vifible ; but when it is placed nearer to the Glafs 

fhan its Fpcus, I have no Idea which Way the Object be- 
comes magnified to the Sight. 

Clean. Yet this you mud underftand before you can be 
properly faid to know the Theory, or Rationale of a com- 
mon Reading glafs, which, you know by Experience, has 
a magnifying Power, and may be as properly called a 
Mtgalafcope for magnifying large Objects, as very fmaU 
Lenfes are called Alicrofcopcs for magnifying fmaU ones. 
Thus, the Page of a fmall printed Book may, in itfelf, 
be confidered as a large Objeft, while the Words and 
Letters are too fmall to be eafily read by a good Kye, and 
not at all by one whofe Sight is rendered in any Degree 
deficient by Age, or other Accidents : But when a large 
Convex Glafs, in this Cafe, is applied between the Book 
and the Eye, the I\igc becomes greatly dilated to the View, 

and 
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and the fmall Chara&ers appear as a large and eafily legi- 
ble Print. 

Enpbrof All this I know very well, as I am oftentimes 
obliged, in cafe of fuch very fmall Prints, to make Ufe 
of a Reading glafs myfelf ; but how this magnifying 
Power is produced, I am (till at a Lofs to apprehend, ai>4 
mult beg of you to explain. 

• CUon. This 1 will do in the bed Manner I can ; but 
it mud be by a Diagram, as no real Image of an Object 
is, in this Cafe, formed any where but in the Eye : To 
this End, therefore, let E C D be fuch a Reading-glals, 
or Convex Lens, and let F be the Focus in the Axis K N ; 
en C the Center of the Lens, with the Diftance C F, 
defcribe the Arch of a Circle Q F P, draw the right 
Lines QJD and P C, making any Angle with the Axis 
r C on either Side ; then, in the Line QJS, let at\y 
]Point, A, be taken, and from that Point let the Lines 
A. E, and A D be drawn, to reprefent two diverging 
Rays iffuing from that Point on the Convex Glafs. Now, 
you know, it is the Property of a Convex Lens to bring 
diverging Rays, which fall upon it, nearer after Refrac- 
tion, and therefore the Rays AD and A E, inilead of 
(urfuing their firft Directions to I and L, will, by the 
,cns, be refracted nearer together, viz into the Direc- 

jion D Katid E M : If then thefe Lines D K and 

E M, as they are inclined to each other, be continued 
put, they will meet in a Point G in the Line Q^C AU 
inis, I fuppgfe, is very plain from the Figuie, my Eu- 
fhtofyne. 

ituplyrof. So very plain, that it can admit of no farther 
Explication, But what am I to infer from thence ? 

CUon. Tl)is much, that the Point A, being not far 
from fhe focal Diihnce Q_, will caufe the diverging Rays 
'A 1 and A L v after Refraction into D K and E M, to be 
riot much different from parallel Rays , and therefore will 
produce diftinclt Vifion of the faid Point A:— --But 
then the apparent Place of \\\t Point A will be much al- 
tered ; for fince the two refra&ed Parts D K and EM 
enter the Eye, as if they came from the Point G, they 
will there reprefent the Point A i fo that the apparent 
Pittance of that Point will be much greater than the real 
t)*iflance C A. 'This, I fuppofe, you can likewifc fee 
worn the Diagram ? ' 

4 Enpbrof. 
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Eupbrof. Nothing is more evident; and at the fane - m < 
Time I obferve, from your Drawing, that on the oth ^i&r 
Side of the Axis the Rays proceeding from the Point -K3 
will, after Refra&ion, represent that Point at H. 

Ckon. Your Infercoce is juft ; and I fee, by that f yc^» ** 
have a clear Idea in what Manner the Points A and J~3 
are removed to the Diftances G and H refpe&ively fro : 
the Glafs ; and that therefore all the Space contain 
between A and B will be expanded into the Length, c 
Space contained between G and H \ and confequenu 
any Objects contained between A and B will be enlaq 
in Appearance, in the Proportion of the Diftance 
tween A B to the Diftancc between G H, that is, in rkm « 
Ratio of AC to G C : and confequently, if the Page ^>£ 
a fmall printed Book be placed at the Diftance of A ^^ 
from the Glafs, and parallel to it, the Words, orPrw*** 
of that Page, will appear enlarged in the fame Proport»** 
as G C is larger than A C, with refpeft to their Diame- 
ters or lineal Dimenfions : But the whole Area, or Sur- 
face of the Page, will be enlarged or magnified in Pr o 
portion as the Square of A C is to the Square ofG^^- 

Eupbrof. This I fee very plainly illustrated by th»^ 
Words, God five the King, in fmall Print between A 3- » 

and in much larger Chara&ers between GH. Pra^"» 

C.'fonicur, is there any general Rule to be obferved, f O * 
holding the Reading-gl.ifs, with Rcfped to the Eye aa «-* 
the Print ? 

CUon. There is, my Eufhrrfype : For by thi ^ 

Mathematical Theory we learn this Rule, the Dijlance ^^y 
the Gbjcft A C n)ul that of its vunn-.fid jfppwance G(^ + 
is always in the Proportion of the Dijiamc of the Chjcft fw** 
the Focus A Qj to the Diflame Q^C cf that Focus fnrr* 
the Glafs ; ami, confequently, from hence you will ob» — 
fcrvc, the lefs A QJs, or the nearer the Objeft is held tc* 
the Focus of the Glafs, the more it will be magnified p 
and fince the Rays patting through the Glafs dirfer but 
little from parallel Ray*, it will give a diftincfc View of 
the Objedt fo magnified ; and by moving the Glafs one 
Way or the other ever fo little, you will immediately find 
the Pofithn of the Objed, and the Glafs where the 
Field of View and ma-;nifyin£ Power will beft fuit the 
Eye. But this ia a Point which wc are directed toby 

Nature, 
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Nature, without any Rules of Art. And this, I thinkj 
is as much as 1 can fay with regard to the Nature and Ufc 

p{ a RlADING-GLAS$. 

Eupbrof, Is there nothing particular with refpecl to the 
Size, or focal Length of tpofe Glafles, by which we 
may be direfted in the Choice of them ? 

Often. Yes. mod certainly ; for if it be propofed to 
read with both the Eyes, then, in fuch a Cafe, the 
Glafs mud be fufficiently large to tranfmit the Rays 
from the Object to both the Eyes, and, consequently, 
ought not to be lefs than three Inches in Diameter : 
■ ■ The elliptic Form is alfo preferable to a round 

one, in a Reading glafs : and, laftly, the longer 

the focal Diftance, the lefs irkfome is the EfteS to the 
Eye. But in this Refpecl, the Eye mud be confulted, 
and the magnifying Power of the Glafs rnuft be fuch as 
is required. 

Emphrof. What is the Difference between thefe large 
Jleading-glafles and Spectacles, ox Vifual Glajfts f as you 
Call them. 

Clem. The Nature and Effeft of both are much the 
lame, only the Vifual Glafles, being difpofed in a pro- 
per Frame, may be, in different Ways, applied to the 
£ye, without being held in the Hand ; and, therefore, 
leaving both Hands at Liberty, they are much better 
fuited to all Occasions of Reading, Writing, Working, 

kfc m than a manual Glafs can be. Befides, the 

Vifion is more diftinct and pcrfedt through two Glafles, 
than by one alone ; becaufe the Axis of each Glafs, 
when they are properly fixed in their Frames, may be 
made to coincide with the Axis of each Eye refpe&ively ; 
and therefore the Rays of every Vifual Pencil will be 
mnch more naturally refracled to the Eye, than they 
can be through a (ingle Glafs, where only the collateral 
Hays of fuch Pencils can enter the Eye, by which the 
Vifion can be neither fo eafy or perfect asf in the former 
Cafe. 

Emphrof. But what is the Reafon of this black Circle 
or Ring of Horn about the Glafs i 

Cteom. There is more Reafon for this than many 
Perfons are aware of: the Pupil of the Eye is but fmall, 
and no more-Light can be of Seryice to Vifion, than what 

Vox.. 11. Y 
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enters that Pupil : a Spcftacle-glafs, therefore, but lit.de 
bigger than the Pupil of the Eye, would be fuffici^* 3 * 
for converging a Pencil of Rays to the Eye as large ** 
that which now enters it from the wideft Glafs ; the*"^" 
fore all that Part of a Pencil, fo very large, as falls o n 
fuch a Wide Glafs, muft, by far the greateft Part, t** 
loft upon the Eye : but that is not the worft Confcqueri^ c 
of a broad Glafs ; the great Quantity of Light whid* 
falls upon the Ball of the Eye cannot fail, by fuch a 
conftant Suffufion, to difturb and render Vifion indiftin£2r» 
by that which really enters the Eye : not only fo, bt-> * 
the conftant AQion of Light upon the Ball of the EjT^ 
mud have a feniible Effeft, in Time, in weakening tb^ 
fame, and produce, gradually, thofe Changes and Alter"— 
ations iu its Texture as mnft be attended with Uneafiacfi* 
to the Perfon» and injurious to all the Purpofes o* 
Vifion. ■■ ' Therefore, to prevent, as much as po£r 
fible, fuch bad Eflefts, the circular Zone, or Ring of 
Horn is applied on the Out-fide of the Glafs, to cu* 
off fo much of the collateral Rays, or hurtful Part o£ 
Light : and were this Rim broader, and of Courfe th^ 
Glafs narrower, it would dill conduce more to the Per-^ 
feftion of Vifion : But as there is no Convenience with"" 
out an Inconvenience, the making the Glafs narrow^ 
would be apt to contrail the Field of View too much *. 
the Diameter, therefore of the Glafs muft be left fo 
large as will admit of a fu&cient Extent of View, for al* 
the Purpofes required ; and all that is more, is detrimental # 
and ought to be excluded. 

Euphrof. I have no Occafion, as yet, to experiment 
the Truths you have been now advancing; but I judgf* 5 
of their Reafonablenefs from the Stru&ure of optica* 
Inftruments, and from the Make of the Eye itfelf j for i* 1 
all Microfcopes, Telefcopes, &c. I obferve a Diaphragm * 
or Stop is placed in the Focus of the Eyc-glafs, t^* 
circumfcribe the View within proper Limits : And alfc*^ 
the Apertures of Objeft Lcnfes adjuftcd to a peculiar an^ 
determinate Size, for Admiflion of one requifite Degre^ 
of Light, in order to produce diftindt Vifion in thofi^ 
Inftruments: And I make no Doubt that the fame Reafor* 
holds, for the fma'-l Size of the Aperture, or Pupil of 

the fcye itfell : But as I (hall, at other Times, 

8 difcourfe 
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{lifcoutfe with you farther on this Subject, you will give 
me Leave to afk one Queftion concerning confave Lenfes : 
flow they become fo ufeful to (hort-fighted People, as I 
find they are ufeful to them only ? 

CUon. The Nature and Ufe of thofe Lenfes will be 
better underftood, after you have feen a Difleclion of the 
Eye ; and then the Ufes of thefe, and alfo of Convex 
Glafles, will be exemplified with Experiments of an 
mrtsfiaal Eye. 

Empire/. Are there any other confiderable Ufes to be 
made of convex, or concave Lenfes ? 

CIm*. There is one of a very extraordinary Nature, 
tnx. the Piwer of Burning, which is the Effect of very 
large convex Lenfes, and concave Speculums ; this 
they perform by converging the Sun's Rays into a very 
final! Space, or into what we may properly call the folar 
Spot, or Image of the Sun : And it is well known the 
mailer the Space is into which a given Quantity of 
Rays can be colle&ed, the more denfe they will be, 
and consequently the more powerfully they will a& or 
born. 

Eupbrif. I have heard much concerning the wonderful 
Efiedi of Gfaflcs of this Kind, with Refpeft to theic 
burning Power ; but have feen little or nothing of it 
more than the common Experiment of lighting a Pipe, 
or making a Piece of Wood fmoak with a common 
Barning-glafs. 

Clim. Thefe are trifling Effeflts to what are produce- 
able by thefe Kind of Glafles. . But as I know you will 
sot be fatisfied with the mere Relation of Fafts, though 
of evar fo. wonderful a Nature, without fonie previous 
Ideas of the Reafon and Caufe of them, and, as in this 
Cafe, it is not very difficult to be understood, I (half 
give you the following concife Rational* thereof : — 
Xou nave feen that every Objeft has its Image formed 
by a convex Lens, and concave Mirror, in its Focus ; 
accordingly, the Sun itfelf will have its Image pi oduced 
ifi a (JDnfible Magnitude, becaufc, as I have formerly 
told you, the Objeft and its Image fubtend equal Angle* 
at tbe Giaffes ; and therefore, becaufe the Angle undef 

gich the Diameter of the Sun appears is full half a 
fcree, therefore, alfo, the Image of the Sun wilt' 
V a full- 
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fubtend an Angle of half a Degree at the Glafs :^— Ha£ 
the Sun been at an infinite Diftance, it could have fd" 
tended no fenfible Angle at all, and its Image 
have been a Point in the Focus of the Glafs ; but 
is not the Cafe ; for, in the Focus of all Glaffes, 
folar Spot, or Image, is of a fenfible Magnitude, 
may be meafured and compared with the Area of 
Glafs itfelf. 

Eupbrof. If I underftand you right, all the 
which fall upon the Surface of the Glafs. are collected* 
into that circular, and very luminous Spot, which 1 
call its Focus, and then the Rays of Light will 1 
denfer in that Spot, in Proportion, as the Surface 
the faid Spot is lets than the Surface of the Glafs ; an*- 

confequently, their Difpofition to burning. : But whfci 

will be the moil convenient Method of meafuriogi" 
folar Spot ? 

Clton, You may very readily hold a Box-ruler, dividecft 
into Inches and Tenths, and thereby eftimate the Diane 
ter of the folar Spot in Tenths of an Inch : But thi^ 
Method will not do in all Cafes, I (hall therefore propofi» 
one that will.— —It happens very luckily, that, witt»- 
the Radius or Diftance of fix Inches, one Degree is ra^ 
nearly equal to ^ of an Inch ; therefore, at the focaA 
Diftance of i a Inches, half a Degree will be equal t^^ 
r l of an Inch, or that will be the Diameter of tbs^ 
folar Spot of a Lens whofe focal Diftance is 12 Inches— 
-Now this Spot in a Lens of twice, or threes 



Times that focal Diftance, will be twice or thrc 
Times as large; fo that in a Lens of four Foot Focus-^ 
it will be to of an Inch, and fo on for other Lengths itm^ 
Proportion. 

Eupbrof. This I clearly apprehend ; but what is you^"~ 
Inference from hence ? 

Clc:n. When the Diameters of the Glafs and folaf 
Spot are known, then aifo the Proportion of their Sur— ~ 
faces are known, being always in Proportion as thc^ 
Squares of thofe Diameters. I hus, for Inftance, if »- 
Lens be four Inches in Diameter, and rs focal Diftance^ 
12 Inches, then will the Diameter of the Spot be T « °^ 
an Inch, as I fil • before : But in the Diameter of thc^ 
Glafs there are $. of an Inch, therefore the Area of the^ 
folar Spot will be the Area or Surface of the Glaf»v 

as 
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^ *** the Square of one to the Square of 40 ; that is, as 
- <ttc to 1600: Therefore the Dcnfity of the Sun-beams, 
m the folar Focus, will be 1600 rimes greater than that 
of the folar Rays falling upon the Glafs : And hence you 
may plainly perceive the Reafon why a Lens no more 
than 4. Inches in Diameter will yet prove fo powerful a 
Buniing-glafs, as you obferved it in the Inftances you juft 
now mentioned. 

Eitphrof I now begin to fee plainly the Reafon of the 
Effects of Lenles and Mirrors, in regard to burning; and 
I alto apprehend, that this Power of burning will increafe 
in Proportion to the Square of the Diameter of the Glafs, 
while the focal Diftance remains the fame. 

*^t*on. It will fo : Thus, fuppofe the fore mentioned 
Glafa of 12 Inches focal Diftance, were 6 Inches, or *£ 
J* *n Inch, in Diameter, then will its Power of burning 
"° *o the former as 3600 to i6co, or more than twice as 
8 rc ^t, becaufe more than twice the Quantity of Rays fall 
*Pon this larger Glafs. 

. &**pbroj. But fuppofing the Surface of the Glafs con- 
tinue the fame, but has a lefs focal Diftance, then will 
*™ c folar Spot be likewife lefs ; and, confequently, the 
2"]* le Quantity of Rays being collected into a fmaller 
!? Cc » will a£t, or burn more vehemently : Therefore, 
. °» the Power of burning muft be greater in Proper* 
. ^* 5^3 the Area of the folar Spot is lefs. Is not this 
"•**» Clionicus ? 
• r^**». Extremely fo : You reafon like a Mathema- 

j-^ 1 * 1 *- l he true Ratio is, the Diameter of the 

•■. r Spot being always as the focal Diftance, the Area 

|. er ^ot will be as the Square of its Diameter, and con- 

oJ**Cntly as the Squat e of the focal Diftance of the 

~ ^*3 : Therefore we collect this general Rule, the Pou.tr 

?w ^**ming hi any Lens is pr • portioned ti the Square rf its 

j m ***** 3it * r dirt£tiy y and the Square cf its fecal Di fiance 

41^***^*^ •" And from hence it wii; be very cafy to compare 

r ^ fcuirning Poweis of any Lenles whofe Diameters and 

*^1 Diftance* differ. 

-*£*tpbrof Pray, what are the largeft Size Lenfes ufually 

^^e for this Purpofe ? 

^^^-//**. They feldom exceed 7 or 8 Inches in Diameter ; 

2^ are from 3 to 4 Feet Fccus ; and fuch a one you 

^^ r ^ fee : The Diameter of this is 8 Inches, and 'the 

Y 3 Focus 
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Focus 3 Feet diftant, therefore the folar Image Drill b 
&■ of an Inch Diameter : And, as there are 4§ of a 
Inch in the Diameter of the Glafs, it will condenfe th 
Kays in Proportion, as the Square of 8o to the Square c= 
3, that is, as 6400 to 9, which is little more than 70 
to 1. Whereas I obferved to you before, that the Hov= 
of a common Burning-glafs, no more than half this i 
Diameter, and whofe focal Diftance is but 7, had aPowe= 
of burning as i6co to I, which is more than twice wm 

freat as this very large Lens is capable of, which Inftanc-< 
give to fatisfy you, that as much may be done l>^ 
fhortening the Focus of the Lens as by increafine «*J 

Diameter or Surface. But, when the Diameter of tbc 

Lens is very large, it will require a very extraordinary 
Thickncfs of Glafs for grinding them to a (hort focal 
Pittance, fufficient to render them burning-glaflctinany 
confiderable Degree. 

Euphrof. But, pray, CIeonicus 9 is there no Method of 
combining two of thefe Lenfes together, to increafc tbeir 
Power of burning ? 

Cleon. Yes, my Euphrofyne % there is ; for if a Lent of 
$ Inches Diameter and one Foot focal Diftance, and 
another Glafs 4 Inches Diameter and 6 Inches fecal Di* 
fiance, were put together at a proper Diftance, the Rsfi 
of the Sun, collected to a Focus by thern> would be 
more denfe, and burn more powerfully than they could 
be made to do by any fingle Lens : But there is no- 
thing of this Kind that can compare with a concave Mir- 
ror in this Rcfpect; for, in thefe Mirrors, the folar focal 
Diftance is never more than half the Radius of Conca- 
vity; and what ftill adds to the Intenfity of their burn- 
ing is, that the Aberration of the Rays, in the Focus, 
arifing from the Figure in the Glafs, is not near fo great 
as in the Focus of a Lens of the fame focal Diftance in 
Diameter. 

Euphrof. Since concave Speculums are in their own 
Nature fo'well fitted for Burning-glaffes, I prefume, the 
Ingenuity of Philofophers muft have been exercifcd in 
various Ways, to lender this Invention as extenuTC and 
powerful in its Effe&s ^s they poflibly could. 

Cleon. No Pains has 1 been fpared, by ingenious Artifc 
In the optical Way, for conftru&ing thefe burning' Spc- 

culuflri 
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jenlnms of different Kinds, of which I fliall mention to 

Jon four of the principal Forms. The (1) is an entire 

concave Glafs, but of very large Diameter, and as (hort 

.a focal Dirbnce as poflible. .{.2.) A.ver.y Lirge fpheri- 

<ally concave Frame, in which are placed fevcral lelTer 

concave Speculum?, of the fame Radius with that of the 

JFrame : Thefe, truly fixed, will have all their Focufes 

thrown upon one common Focus in the Axis of the 

I Frame, which, of Courfe, mud burn to a prodigious 

I JDcgree. (3.) In fuch a large Frame, they have alfo 

contrived to fix plain Glafs Speculums, which, being 

.-duly adjufted by Screws, will throw all the Sun's Rays 

*hjch fall upon them into one common Part of the 

Axis of the Concave Frame, which, there making > 

Scut of Focus, will burn very intenfely. (4) Any large 

concave Frame, as before has been defcribed, with a 

finooth poliftied Surface of fuch Matter as will ftrongly 

*efle& the Rays of Light, and has been found to anfwer 

.extremely well. 

Eupbraf. Have you feen thofe feveral Kinds of Spccu- 
Jnms which you now mention ? 

Ckon. I have fcen of the firft and fecond Sort ; but 

.never any of the third and fourth : But of the firft 

(fort, I have never feen any fo large as to deferve particular 
Mention at this Time : Thofe of 2 Feet, or 2 Feet and 
-§ in Diameter, are the largeft that are commonly made, 
.and are much more ufed for optical Purpofes than for 
Surning-glaffes, as their focal Diftances are not (hort 
enough to anfwer the Purpofe of burning fo much as 
xnigbt be expected from fo large a Surface : However, all 
of this Kind, that are in any Degree large, burn very 
intenfely, efpecially with a Summer Sun. 

Eupbrif. And what have you known of the fecond 
Form of Speculums, which you mention ; which, I think, 
may be called compound Burning-glaflcs ? 

CUen. They are very properly fuch ; but all that I 
know of them is, that they have been made of a very 
large Size, one of which, in particular, contained 
about 30 very large fquare concave Speculums, not lefs 
.than 20 by 24 Inches, if I remember right : This very 
iarge concave Speculum was placed at the Top of a 
Houfe, viz. at the great Toy-fhop the Corner of St. Pour* 
Y 4 '•■ ■ ■ Church 
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'Chwch -/jar d r moveable upon an Axis, to render it of 
more convenient Ufe : But as to its EfFefts, though thejr 
rhult have been Jntredibly great, 1 do not rtmembctto 
have had any particular Account .of them, any more than in 
one Infhmce, wz. that a large Bar of Iron vtrotdd infbntlj 
be melted aTuhder in its Focug. j 

Eupbref. That was a' prodigious Effefi, indeed; 
and I wdndtfr very* much, that the TRTorld has notlwi 
more ajjpriWd of the fttmeridous EflefiU of a Obn- 
fcave burning Speculum of fi/ch' tfti amazing Struddrt 
■ ' Pray, what do ydix r ttW Of tfte third Sortyot 
mentioned, , 'compounded off plain Speculoms infteadof 
Concave ones ? 

Cltbn. This is kut a late Invention; the principal 
fnftrufnent of this. Sort was made by Mr; Bvffnty which 
was 6 Feet in Diameter, ana* contained 168 fonall-Mirrott, 
or flat Pieces of Lookuig-glafi, with proper Movement* 
for adjufting ttferli to a common Focus: They were each 
6f them 6* inches fquare V ■ ■ ■ But what is peculiar td 
this Contrivance Is, that we have it in our Power to makd 
the focal 'Diftance greater or left, and', oonfequendy while 
the Frame remains in the farriePhce the Glafles may beb 
adjufted and dityofed' as to throw their common Focus 
upon the Objeft intended for Accenfion: 

Euphrof. TWs mud be A curious Artifice moft cer- 
tainly ; but I lupp-ofe the Difficulty and Expence of fuch 
flu Apparatus; for this Purpcfr, is not inconfiderable :— 
But, pray, has it been brought to any great Perfection, 
or has any very confiderablc Experiments been made 
with it ? 

Cieofi. It is faid, that Mr Bvffon, in thtf Month of 
Marchy fet on Fire Boards of Beach-wood, at the Di- 
ftance of i 50 Feet : At another Time he burnt Wood 
at the Diftance of 200 Feet : He alfo melted Tin and 
Lead, at the Diftance of 120 Feet ; and Silver, at 50. 
But, as you rightly judge, the Expence of fuch a 
compound Speculum muft be very great, fincc each fmall 
Speculum had no lefs than three adjufting Screws to give 
it a proper Inclination, for directing the folar Rays to any 
given Point, and the whole Machine is moveable by a 
Swivel like Contrivance ; fo that one may burn horizon- 
tally, upwards, or downwards, and that almoft at any 
Diftance one pleafes. 
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Euphrof. One would think fuch an Inftrument as 
fchis fhould prove dangerous, efpecially near the Sea-fide* 
were Ships in the Harbour might be liable to be fet on 
Fire by it. 

Clton. Your Obfervation is fo far rational, thati \l 
filch a Machine could be conveniently made, it would 
certainly be of Ufe to every Town liable to a Siege, 
whether by Sea or Land, efpecially if the Time for 
fedjufting the Lenfes were not very tedious. It is related 
bV feveral Hiftorians^ that Archimedes did actually fet 
Fire to the Roman Fleet, at the Siege of Syracufe^ t>y a 
Burning glafs ; and that the Navy befieging Byzantium 
was, by aBurning-glafs under the Direction of Proclus, 
reduced to Afhes. But what Sort of Glafles the Ancients 
made Ufe of for this Purpofe, Hiftorians do not inform 
lis; but| very probably, they were notSpeculums, but cither 
Lenfes or burning Spheres. 

- - Euphrof. Then you really think that Burning-glrflTesi 
of fomc Sort or other, were in Ufe among the Ancients ? 
Pray, what Account do you find of them among the 
Writers of Antiquity ? 

CUon. I Can fay but little on that Head : Pliny mentions 
what he calls Balls, or Globes of Glafs and Cryftal, 
which were made Ufe of by Surgeons, who collected the 
Sim-beams with them in order to cauterize their Patients : 
And Laffantjus' tc\\s us, that a Glafs Globe, filled with 
Water and held up to the Sun, would kindle a Fire even 
h very cold Weather : But, to pafs by other in (lances, 
there is oheVery remarkable in the firft Scene of the fecond 
Ad of JrMsphanes's Play, called The Clou/is, which the 
famous Mr. De L Hire makes no Doubt is a full and 
convincing Proof or the Ufe of Lenfes, as Burning- 
gfaflcs, among the Ancients ; ami, becaufe the Paffagg 
is not long, I (hall read it to yen out of that Author : 

- ■ < StrepfiidtSj '.in old ftupkl Fellow, tells Sscrates % 
be had found out an excellent Contrivance a gain ft 
paying his Debt?; and is introduced fpeaking after this 
warmer : 

. Strepsiades. Have you never fetn % at the Apothe* 
varies 1 that fine tr an/parent Stone with which they kindle 
PireT 

Socrates. Do you mean that Glafs f 
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Strbpsiades. Yes. 

Socrates. Bring it ; what then? 

StREPSIADES. IVhen the Attorney halb written m 
Aflion ogainjl me, I will take this Glafs y and, jlanding at e 
Diflance in this Manner againjl the Sun, I will melt down 
the Letters of my Anion. 

Socrates. Cunningly done, by the Grates. 
• The Scholiatt upon this Place (ays, this Glafswaaa 
Troiboidty which implies, that it was round like a Wheel, 2nd, 
therefore I think very plainly indicates its being of a len- 
ticular Form, and not a complete Globe. 

Eupbrof. Well, this has pretty well gratified my 

hiftorical Curiofity: Tell me next, what you know 

of the fourth Kind of Burning-glades. 

Cleon. With refpeS to the Power of Burning, they 
are the mod celebrated of any, concerning which, vc 
have feveral curious Anecdotes; for Mr. Boyle made one 
of thefe, of black Marble, of a very large Size ; but, 
though well polifhed, yet, being of a black Colour, it 
would not fet Fire even to Wood, though expofed a 
long Time in its Focos; which plainly (hews how fmall 
a Quantity of Light is reflected from black Subftanccs. 
— - — On the other Hand, we read of a Burning-glafs 
(if we may fo call it) that was made only of a fmootb 
Concave Surface, and overleaved, or finneered, as it 
were, with white Straw, made by an Italian Artift, which 
had a prodigious Effect in burning from the Light re- 
flected from fo large a Surface and natural polifh of Straw. 

But the moft remarkable of all thefe Sorts of Mirrors 

was that of the celebrated Mr. VilUtte, which was 3 
Feet 1 1 Inches in Diameter, and its focal Di fiance was 
3 Feet and 2 Inches : It was a Compofition of Tin, 
Copper, and Bifmuth, fomewhat like the Metals we 
now make for reflecting Telefcopes ; it was a white 
Metal, and bore a very fine Polifh, and therefore, from 
fo large a Surface and fo fhort a focal Diflance, it is no 
Wonder if we find its Power of burning, melting, 
calcining, and vitrifying Bodies very extraordinary 
indeed. 

Euphrof. I wifli I could get Information what fome 
of thofe Effects might be, for I have a great Inclination 
to be fatisfied about every Thing in regard to the 
WonderfuL 
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Chen. In this you are not particular, my Euphrofyne ; 
it is a Kind of univerfal Paffion that, more or lefs, affe&s 
all Mankind ; Things of an uncommon and extraordinary 
Nature ne?er fail to ftrike us with agreeable Pleafure and 
Surprize: And as Burning is in itfelf one of the mod 
txquifite Actions of Nature, the following Experiments, 
made in Relation thereto, cannot but give you the higheft 
Satisfaction : A Catalogue of fuch as are moil remarkable 
I fbaJl here rehearfe to you. 

1. A red Piece of Roman Patera (or Tile) began to 
pielt in 3", and was ready to drop in 100". 

2. Another black Piece melted at 4", and was ready to 
drop at 64". 

3. Chalk taken out of an Echinus Spartagus fled away 
\ n 33". 

4. A Foffile fhell calcined in 7". 

5. A Piece of Pompty* Pillar at Alexandria vitrified in 
ffee Wack Part in 50^, and in the white Part in 54". 

6. Copper Ore vitrified in &". 

7. Slag, or Cinder, of ancient Iron- work, ready to run 
lit 29 *". 

8. Iron Ore fled at fir ft, but melted in 24". 

9. Talc began to calcine at40 /; , and held in the Focus 

10. Calculus humanus was calcined in 2', and only 
dropped off in 60". 

1 1 . A great Fifli's Tooth melted in 32 \\ 

12. The Afbcfios feemed a little condenfed in 28", and 
Mr. Fillette fays, the Glafs ufually calcines it. 

13. Marcafite of Gold broke to Pieces, and began to 
pelt in about 30". 

14. A Silver Six-pence melted in 7 £". 

15. A Copper Half-penny (of King JViUianfs) melted 
in 20'', and ran with a Hole in 30". 

16. A King George's Ditto, melted in 16, and ran 
in 34". 

17. Tin melted in 3". 

18. Caft-Iron melted in j6". 

19. Slate melted in 3 ,; , and had a Hole in 6". 

20. Thin Tile melted in 4", had a Hole, and was 
Vitrified in 80''. 

'21. Bone calcined in 4% and was vitrified in 33". 
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22. A Diamond, weighing 4 Grains, loft { of it* 
Weight. '; 

E*pbr$f There aire wonderful Effefls indeed, to 
think that the AJbtfloi itfclf* which no common Fire 
can injure, (hould yield to the calcining Force of this 

Burning glafs. 1 fupprfe you hare the lame Method 

Of computing the Force of this Glaft, as before of the . 
Lenfea? 

CUtn. The very fame •, and by Compnution it appeals 
that the nblar Beams are condenfed br this Speculum 
upwards of 17*000 Timip, and that the Heat in the 
Focus of this Glafs will burn with Intenfity 433 Times 

S eater than that of common Fire ; and therefore no* 
ing is an Jljbifl*% % Amicntbui % or iuc$mbuftibU Subftance 
in the Focus of fuch a Speculum. It may be in 

my Power one Time or other, to repeat thefe Experi- 
ments, and verify them by ocular t)emonftration ; bur, 
at prefent, you mult be content with a .mere Narration 
of Fads. 



DIALOGUE IV. 

the Nature and Structure of the Fye ex- 
plained, with regard to perfett Vision, by am 
anatomical Dissection thereof. 

Clitnicus. 

OF all our Scnfations, thofe of ViGon have been 
ever efteemed of the firit Order : It will therefoie 
be no unpleafing Speculation to my Eupbrofynt, to be 
entertained with a fhort Narrative and Explication of the 
natural Mechanifm of the wonderful Organ of Sight, 
and what the proper Office of each con diluent Part is, 
or how far it conduces to perfett this moft exquifite of 
all our Senfes. 

Euphnf* I am tranfported with the Thoughts of 
being in any Degree capable of uncierftanding the Princi- 
ples upon which the Structure of fo noble an Organ 
depends ; the component Parts of the Eye, I prefurnc, 

you 
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Iou intend to exhibit by a DifTeclion of thofe Eyes which 
fee you haw here prepared ; and, a« I have never yet 
ice 1 j any Thing i.f this Kind, the Inftruclions I (hall 
receive will be both novel and improving in the highed 
JDczree. 

Clan. I do not propofc to trouble you with an ana- 
tomical Account of the gieat and wonderful Apparatus 
of Mufcles, wherewith the Eye is furnifhed for all 
neceflary and convenient Motions ; this being only a 
Collateral Confuier. tion, or Circumflance of the princi- 
pal Object we are at p relent intent upon, which is the 
Faculty of natural Vifion : For though the Eyes of 
many fmaller Kinds of Animals, as in mod of the infect 
Tribes, are fixed, yet they are fo difpofed, that Motion 
in them is rendered unncceflary, as they can fee all 
around them without : But as the Eyes of mod Animals, 
and particularly our own Species, are both in Front, and 
we could look only dircrlly before us, provided there 
■was no mu'cnlar Motion, it became neceffary to condruck 
the Eye with a Variety of .Mufcles to give it Motion, in 
all Directions, in the vifihlc Hem ifphere before us ; and 
one Thing I mud not omit to obfervc, that as it is 
fometimes neceflary to have an oblique Motion of the 
Eye towards the Nofe, and there being no Room on 
that Side for Mufcles, as on every other Part, provident 
Nature (which is never at a Lofs for Means to accomplifh 
ber Defigns) has contrived a fmall Bone on the Side of 
the Nofe, with a fmaJI Perforation, or Hole to ferve as a 
Pulley through which the Tendon of a Mufcle pafles to a 
convenient Infertion, and thereby fuch an oblique Motion 
is given to the Eye, which would have been otherwiic 
ixnpofiible. 

Euphrof. One would think it was impoflible that any 
Pcrfon who confidcrs this, or any fuch jndances of the 
mod apparent Dcfign and wife Difpofition of Parts, could 
ever be an Atheid. 

CUon. What you obferve is very jud ; they who con- 
fider fuch Things arc fufficicnrlv convinced of the Ev- 
idence and Providence of a Dtity ; and perhaps there is 
Dot a more fertile Field of irrciiag:ibie Proofs of thofe 
wife Defigns and Artifices, which Nature makes Uie of 
to anfwer her propofed Ends, than awtomual Dijftfitcifs. 

Every 
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Every Part in the Structure of animal Bodies fills os 
with Wonder and Amazement, not more at the Almighty 
Power, which is vifible, in making, but at the infinite 
Wifdom, which is fo manifeftly employed for anfwering, 
in the bed Manner, all the Purpofcs of the animal Oeco- 

nomy. But now to the Pdint : You fee, here art 

two Bullock's Eyes, which I have provided on purpofe 
to difleft, that you may fee how far the feveral Parts ace 
concerned in producing the fublime Faculty of Sight - 
•——But, before we begin the DifTe&ion, it will be 
worth your while to confider a few Particulars, refpecVing 
the external Difpofition, or Form of the Eye : And firftot 
ill, you obferve a long white cylindrical Body of nervoi** 
Fibres, which enters the Eye on the hinder Part o* 
Bottom of the Eye, and which the Anatomifts ufually call 
the Optic Nerve- 

Euphrof. The Part you now mention has engaged my 
Attention ever fince I have been in the Room ; but before 
we proceed farther, pray let me know what you mean t»^ 
Nerve. 

C! eon. A Nerve is that mod diftinguifhed Part erf 
animal Bodies which Naturalifts tell us is the univerfial 
Organ of Senfation. A Vegetable is an organized Body* 
and has Variety of Veflels for circulating Fluids an»— 
lagous to thofe we find in animal Bodies called Arteries 
Veins, &c. but, as it has no Senfation, there is no Occa— 
fion for this Part which is called the Nerve and therefor^ 
wc find none in the vegetable System. 

Euphrof. But, pray, Clconicus, how is this Part, yoU 
call a Nerve, the Organ of Senfation ? 

Clean. I can give you but a partial and imperfect 

Anfwer to fuch a C^ucftion. The Nerve, which 

you fee, is a Continuation of the medullary Subftanceof 
the Brain, contained in proper Coats, or Integuments ; 
the Fibres of this Nerve having pafled through the 
Coats of the Eye, are there fpread into a mod exquilite 
fine Membrane, which covers all the interior Parts of the 
Eye, except that which is open before : This Membrane 
the Anatomifts call the Retina, and is, beyond all De- 
pute, the immediate Inftrument of Vifion : » — For 

the Rays of Light which enter through the fore Part o£ 
;he Eye, being refra&ed to this nervous Membrane, 

will 
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Will fo affe&, by their various Impulfe, the Fibres thereof, 
which are in immediate Conne&ion with the Brain, as 
to convey to the common Senfory thereof the Species of 
Things without us, from whence they proceed ; and by 
this Means they excite in the Mind the Ideas of thofe 
Obje&s under all their C ire um fiances of Form, Magni- 
tude, Diftance, Colour, and aH their other Affe&ions. 
But how, by this natural Agency of one Sort 
of Matter upon another, thofe mental Ideas are formed, 
and the Operations of the Mind directed and influenced, 
is a Subject far beyond the Reach of the human Under-' 
ftanding. 

Eupbrof. I know the infcrutable Secrets of Nature 
do not belong to us : I think myfelf very happy that I 
Have the Faculty of Vifion, though I can never adequately 
Know the wonderful Manner in which it is effected ; it is 
enough for me that I can be acquainted with the Ways 
and Means which the Author of Nature makes ufe of to 

tffeCt it. But I obferve, CUonicus y that the optic 

.Nerve enters the Eye on one Side, and not dire&ly in the 
Middle of the Bottom of the Eye ; pray do you affign any 
Aeafon for that ? 

Clean. Yes, my Euphrofyne\ and a very good one too,- 
ttfz. becaufe the Rays of Light, which fall on that 
Art of the Eye where the Nerve enters it, arc thereby" 
rendered of no Effieft, or become ufelefs in that Point, 
where all the Fibres of the Optic Nerve are divided one 
from the other, and no one in particular can be aftcd 
ttpon by thofe Rays :— - — By this Means you will cafily 
wnderfhmd that thofe Rays which come from Objects 
^uite on one Side of the Hemifphere of View can be 
loft 1 but thofe Rays which are loft in one Eye, are 
always effectual in the other : So that with both the 
Eyes, it is in our Power to fee every Objedt wherever 

poGted in the natural Extent of View. Hence another 

Inftance offers of wife Contrivance, as alfo a Reafon, 
atoong many others, why two Eyes are naturally of more 
Advantage than one. 

Eufhrtf. By what you have fa id, one would con- 
dude, that an Objeft could not be feen by Rays which 
fall on that Part of the Eye where the Nerve enters it ? 
Pray, is there any Experiment by which this can be 
confirmed ? 
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Cleon. Yes, there is, and which you (hall immediate 7 3 

try, for your own Conviction. 1 will (lick thr^^^ 

pieces of Paper (A, B, C) * upon the Side of tt» ^ 
Room, about 15 Inches apart, and then I will place yc^«-^ 
at l'uch a Diftance from, and dire£tly before the midd-I ^ 
Paper, that if you fhut one Eye, and the n turn the otb^ * 
obliquely towards that putfide P^per, which is on the Sirf^ 
of the enclofed Eye, the Rays coming from the middle 
Paper (B) will enter the Eye, and fall upon the Infertio** 
of the optic Nerve, by whjch Means, the faid Paper wil^ 
immediately vanifh from the Sight, while the two citrenx^ 
Papers continue vifible. 

Eupbrof. This is fuch an optical Paradox, that I IptiJ^ 
to be fatisfied of the Truth of it by Experiment — 

I fee you have placed the Papers on an advantageous 

Ground to be viewed : But now, whereabout muft X 

ftand to view this odd, or rather No Pbanomenon ? 

CUon. 4 s the Papers are about 15 Inches afuqder^ 
you mult place yourleif dire&ly before the middle Paper" ^ 
a^t the Diitance of about 6 Feet and a Half, and tak« 
Care that your Head be not in the lead turned on oil « 

Side : Then (hut the left Eye, and turn therigr*^ 

Eye obliquely to view the left Hand Paper (A), and tb« 
middle Paper, (B) will inftantly difappear at the fan*^ 
Time as th^ other extreme Paper (C) is vifible. 

Euphiof. Well, I think I am very near the Spot yo>*-i 
point to, and that my Face i> quite parallel with the SiJ^ 

of the Room : 1 Ihut my kft Eye, and direct n* y 

Plight to the left Haini Paper, without moving my Head = 

- And, fine enough, the middle Paper is gone i 

it difappears as if by Enchantment, and the other r 

Paper beyond i, liiil in my View. 1 think this E>^ — 

p-riir.ent cqualiy curious as wonderful.—— — But no\V» 

let me try w;;h the other Eye. 1 find it the very 

fame as bcfoie ; therefore to each Eye, in this Situation* 
the middle Paper becomes invifiblc, though lb large as»*? 
Inch Square. 

Cinn* Nor is there only that particular Spot on whiC" 
you Hand, where thib will happen ; But if you TetnQfG 

)ourfeu 
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Earfclf through the Space of 10 Inches back, in a Right* 
e, you will obferve the fame Thing, or the Paper will 
continue unfeen through all that Space ; for fo long will 
the Image (b) of that middle Paper be paffing over the 
Place where the Nerve (D E) enters the Eye, while the 
Images (a and c) of the two extreme Papers are at a con- 
fidence Diftance from that Point, and therefore con- 
ftantly vifible to either Eye. 

Euphrof. This is a ftrilcing Inftancc of Contrivance, 
Indeed : But pray, what have you farther to obferve in 
Relation to the exterior Parts of the Eye ? 

Clean. The Form of the Eye on the pofterior Part 
deferves your Notice : It is neither plain, nor fpherically 
round, as I have heretofore obferved to you that neither 
off thefe Surfaces will admit of a perfect Reprefentation 
of the Images of Objefts, portrayed in the Focus of a 
Glaft: But it is real J y of that Form which the Laws of 
Optics require for a perfect Delineation of the Images 
of Objects, as well in an oblique, as a direct View, 
on the Expanfion of the optic Nerve, or Retina in the 
Eye 

Euphrof. This is a curious Circumdance, mod cer- 
tainly, and is very obvious with the flighted Infpeftion. 
I fee all the back Part of the Eye is opake, and the 
lore Part only is tranfparent. 

Cteon. This will convince yon of the Truth of that 
which I have often obferved to you, viz. that the Eye is 
nothing more than a mod perfect Camera Obfcura in 
Miniature, in which the whole Bufinefs of Vifion is 
tranfa&cd ; for which Purpofe you fee, on the fore 
Tart, a very tranfparent and convex Covering, which 
is called the Cornea, op horny Coat of the Eye (L P K, 
Tig. 3.) 

Eupbrof. I think I can fee the Reafon why it is both 
tranfparent and convex ; for the Tranfparency is ne- 
ceffary to a free Ad million and Refraftion of Light, 
add the Convexity of it is neceflary for converging the 
Raft of Light to a Focus, at the Bottom of the Eye, for 
* therormation of Images there ; And one Thing 

farther I can hence obferve, and that is, the proper 
Degree of Convexity in the Eye, which mud ever cor- 
refpond to the Diameter or Bulk of the Eye ; fince the 

Vol. II. Z optic 
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optic Nerve, in the Bottom of the Eye, mult neceiiirily 
be in the Focus of the Convex Cornea* as you call it. Bot, 
pray, how is the Convexity of this Part fupported, and 
conftantly kept up ? 

Clean. By a fine limpid Humour, which lies imme- 
diately under it, and, being in Appearance like lVtm % 
is called the jqueou$\'ox watery Humour of the £yc 
T his you will be immediately fenfible of ; for I 
pierce the Guinea with the Launcet, and you fee it rsa 
out upon the white Paper.— Pray, what do you think 
of it ? " 

, . Euphrof. Why, truly, it fo much emulates Water, 
in Appearance, that I fhould not have known it hai 
been any other Fluid, if I had not feen how, and from 

whence it came there: But, upon letting it out, 

you have quite defaced the beautiful Appearance of the 
Eye ; for now the Corma lofes its Convexity, and fub- 
fides in Wrinkles, which gives a ghaflly Appearance to 
the Eye. 

Xlecn. I will foon relieve you from that difagreeable 
Sight. — —With thefe anatomical Sciflars, I fever the 
Cornea from the opake Coat called the Se/er$tUa 9 and 
then you behold the next Part, which is deftined fur the 
Service of Vifi on : This, the ArcatomiQs call the Uvea t 
(K o L) it is, in our Eyes, of a circular Form, and 
quite opake, and, being of different Colours, it is 
vulgarly called the Iris. ■ In the middle Part 

thereof, you obferve an oblong Perforation, which in 
human Eyes is perfectly round, and called the Pupil, 
(o, o.) ^ 

Eupbrcf. The Inftruclions you have already gircn 
me in Optics, enables me to judge of the Ufe of this 
Part, at firft Sight. The Pupil of the Eye anfwers to 
the Aperture in the object End of a Telefcope, which 
muft be of a determinate Size for a proper Degree of 
Light to illuminate the image in the Bottom of the Eye, 
This Doctrine you frequently inculcated in your De- 
scription of optical Inflruments, and particularly the & 
nura Ob/cur a. 

CJeon. What you fay is true, in general, in artificial 
Optics: But when we confidcr the natural Structure of 
this Part, it will appear vciy admirable; for this natural 

Aperture, 
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Aperture, or Pupil in the Eye, is capable of various 
Dimenfions, by a double Syftem of mufcular Fibres of 
which it is compofed, viz. one of the external Part, 
which is of a circular Fjrm % and by whofe A 61 ion the 
Pupil of the Eye is contracted : The other Syftem, on 
the interior Part, has its Fibres difpofed like P*ays iffiiing 
from the Center of the Pupil, and when I take it off, 

they will be very con fpicuous. You fee I pafs my 

Sciffars round, and it is feparated from the interior 
Coat of the Eye ; and now the radial Syftem of Fibres 
appear. 

Empbrof. I fee them very plainly, and cannot but 
wonder at fuch divine Mechanifm in this fmall and ufu- 

ally fuppofed inconfidcrable Part of the Eye: T hat 

wben the Light of an Object is too glaring, we have the 
Faculty by one Syftem of Mufcles to contract the Pu- 
pil, and thereby to exclude all the offenfive and fuperflu- 
ous Light : And on the other Hand, for diftant and ob- 
fcure Objects which require to be viewed with all the 
Light poffible, we can, by the Action of the radial Fibres, 
dilate the Pupil, and thereby give Admiflion to a greater 
Quantity of Light. 

CUon. I have fomctimes been curious enough to 
njeafure the Diameter of the Pupil in each Cafe : when 
a Candle has been held very near to the Eye of a Child, 
1 have found the Pupil not much to exceed the \ of an 
Inch 5 but in the Twilight of the Day I have found 
die Diameter of the Pupil near twice as large, and 
therefore the Area of that Pupil near 4 times as great as 

before : — The Uvta being removed, you behold 

another Part, in a great Meafure rcfembling a Lens 
of Glafc placed juft in the Middle of the Eye behind the 
Pupil. • 

Euphr$f. A very curious Part, indeed 5 pray, what do 
you call it ; 

Cleon. It is called, the cry ftal line Humour ; for it fs, 
as yet, contained in an exceeding fine tranfparent Caplulc, 
called the Aracbuoides^ on the upper Surface of which 
you fee a circular Zone of Fibres j thefe, alfo, are in 
form of Rays iffuing from the Center, and arcof a black 
Colour. 

Z 2 Eupbnf. 
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Euphrof. They are very confpicuous ; I (hould b€ 
glad to know their Ufe, and by what Name they are 
called. 

Cleon. This black Annulut % or Ring of mofcnlar Fi- 
bres, is called, the Ciliary Ligament^ as refemblmg the 
Hairs of the Eyelids: The Ufe of thi* Part, be- 
ing affixed to the delicate Tunick of the cryftalline Hu- 
mour, is to give a proper Motion to the fame, and is 
fome think, to alter the Figure of this Humour in fane 
fmall Degree, as will be farther evident when by making 
a fine Incifion in the Capfule, the cryftalline Humour im- 
mediately flips out, which I take on this printed Paper, 
that you may fee haw the Letters are magnified thro* it, 
as in a common Glafs Lens. 

Euphrof, Amazingly fine indeed :— In my Life, 

I never beheld any Thing fo tranfparent :— — — It feemit 
a perfect Glafs Lens, but more poliihed than Glafs, in- 
finitely : It may very well be called the ajftelhu 

Humour, 1 fee, for no Crystal can ever emulate this 
Part in regard to Clearncfs. — —I obferve one Thing 
very remarkable, and that is, though it be apparently* 
and (I fuppofe) really, of a fpherical Surface on both 
Sides, yet, that one is confiderably more convex than 
the other : Pray, what is the Meaning of this, CUtm* 
cm ? 

Cleon, As this Part is undoubtedly deftined, by Nature, 
to correct and adjuft the common Refraction of Light, 
through the Eye, to a proper Focus on the Retina at 
the Bottom, the convex Surfaces may, in fome Degree, 
contribute thereto, as the Dentity of the cryftalline 
Humour is a fmall Matter greater than that of the other 
Humours, in which it is contained ; and, by the Action 
of the Ciliary Ligament, the Decree of Convexity in 
each Surface may poilibly be a very fmall Matter altered j 
but Reafon, morj than Experience, directs us in thefe 

Conjectures. However, it mult neccfiurily follow, 

from the Nature of a mufcular Ligament, that, by its. 
Contradiction and Relaxation, the Petition of the cryftal- 
line Humour mult be fubject to Alteration, and this is 
nccciiary in the Nature of Vifion ; for, when Objects are 
nejr to us, their foccil Diftancc becomes greater than when 
they aie placed afar off, and therefore the Fibres of this 

Ligament, 
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Ligament, by contra&ing, removes the cryftalline Hu- 
mour a fmall Matter farther from the Retina* and thereby 
procures a due focal Diftance for nigh Obje&s : But, by 
cheir Relaxation, this Humour finks lower, and (hortens 
the focal Diftance for thofe that are farther off; and thus 
the Kye is provided with a Power of procuring Vifion for 
Objects in all Variety of Diftances. 

Eupbrof. There is no End to the Admiration of the 
Wifdom we obferve in the Works of Nature, and the 
moil evident Marks of Defign and Contrivance in every 

Btrticular Part. But what is that large Quantity of 
uroour that fills the whole Body of the Eye, in Appear- 
ance like the White of an Egg ? 

Clion. It is commonly called the Vitreoui y or Glajfy* 
humour : But for what Reafon I know not, ualefs for that 

one Quality of Glafs, its Transparency. It is in a 

Tery large Quantity, in Refpcft of the other two Hu- 
mours, on purpofe to fill out the Body of the Eye, and to 
render it globous and roomy : — For, before 1 take this 
Hnmoar out of the Eye, it is worth your while to ob- 
ferve how very perfpicuoufly it fhews the optic Nerve ex- 
panded over all the interior Part of the Eye, together with 
the Arteries and Veins which enter with it, and are molt 

delicately ramified through all its Texture : For the 

Blood Veflels ever accompany the Nerves through every 
Part of the Body ; they circulate the Fluid of Ufe> as the 
other does that of Senfation. 

Eupbrof. A Phsenomenon equally curious and wonder- 
fill : It is impofiibie a finer Sight fhould greet the Eye. 
I fee the whole Expanfion of that noble Organ in its na- 
tural Pofition, the Idea of which will ever be indelible in 
my Mind ! 

Clean. I (hall (hew you the fame Thing, by-and~by, 
in a 'different View. That curious vifual Membrane is 
every where connected with the fore Part of the Eye, im- 
mediately under the Ciliary Ligament, as you will eafily 
perceive when I turn the Eye in fide out, upon the Sur- 
face of the Water in this Glafs, which fupports the de- 
fending Humour, and the Retina^ till, with the Knife, 
I have feparated them both from the anterior Part of the 
inner Membrane of the Eye, called the Cbcroiaes, which 

Z 3 lies 
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lies immediately under the Rttiaa % and if beautifully co- 
loured in Quadruptdts. 

Euphrof. I fee the Separation manifeftly :— — 
as your Knife proceeds, the glaffy Humour fubfides and 
becomes invifible in the Water; but the optic Nerve re- 
mains behind, upon that fine coloured Coat you men- 
tioned. 

Clean. Though the glaffy Humour b not feen in the 

Water, I {hall take it out upon a Wire, andyot 

fee how very large and tranfparent a Subftance it is. 

Euphrof. Pray, of what does this Humour conGft? 
there feems to be a great Quantity of aqueous Matter, at 
I fee it continually keeps dripping a clear limpid Fluid 
like Water? 

Cleon. It from thence appears to be compofed of a 
Syftem of infinitely fine Veffels, which contain and con- 
tinually did ill the fine Lymph you fee ; and fo incon- 
ceivably fine are thofe Veffels, that, when they have dif- 
charged all their aqueous Contents, they fcarcely amount 

to the Weight of a fingle Grain. But now obferve, I 

pafs my Knife round the extreme Part of the Choreiia^ 
and the Retina, being by that Means fcparated, fubfides 
into, and floats upon the Water, 'till at Length, the 
whole being fevered, it totally finks and coilapfes into a 

Kody almoit in Appearance like the external Nerve. 

I now cut away all the Coat of the Eye from the Nerve, 
and then it appears moft evidently, that the Rii'ma is 

only a Continuation of the Nerve. Laftly, with my 

Sciffars I feparate the Retina at the Nerve, an I let it fall 
into a Glafs of clean Water ; then, with the Point of the 
Wiic, I expand it, and you fee how fine an Appearance 
it makes. 

Euphrof. It is, indeed, beyond all Expreflion, fine : 
- it refembles now a Piece of fine white Linen, of 

a curious Texture, and interwoven with a great Variety 
of Blocd-vefiels, in a beautiful Ramification, gradua fy 

eluding the Sight by infinite Degrees of Miniature : 

But 1 obferve this wonderful Part, this Organ, or Seat of 
the vifive Faculty, is, in itfclf, not tranfparent, but al* 
moft opake. 

67*70. Opacity, or Tranfparency, or both indifferent 
to the Caufc of Vifion, which confifts wholly in the 

p^wiilur 
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peculiar Aftion and Modification of the Rays of the 

Light on the Filaments of the optic Nerve: But its 

'being in fo great Degree Opake, (hews how far fome Men 
•may be carried from the moft evident and obvious Truths, 
to fupport a new Hypothec's which has no Foundation 
either in Nature or Reafon ; but Truth will ever con- 
front and prevail over Error, though fupported with all 
the Powers of Rhetoric and Novelty. The optic Nerve, 
which immediately receives the Rays of Light, and fuf- 
tains their firft and whole Impulfe, will ever be acknow- 
ledged the natural Organ of Vifion by every modeft and 
judicious Philofopher ; and the Choroids mult in vain 
pretend to rival it in that Honour, to which the Rays of 
JLight can have no Admittance thro' the opacous Subitance 
of the Retina, and muft be content with the more bum- 

We Office afligned to it by Nature. Thus much for 

the Description of the Natural Eye. At our next Inter- 
view I mail entertain you with an Account of the Defici- 
encies in the Structure of the Eye, and -how they are rec- 
tified by the Application of Glades, and illullrate the 
whole by an artificial Eye. 



DIALOGUE V. 

4Jf the preternatural Con for?* ition of the Eye ; 
the Defects of Vision ivnfing from thence ; 
and the Afca^is of remedying than by Optic 
Ol asses. The whole iihji rated by a* arti- 
picial Eye. 

deonicus* 

I Took an Opportunity, very lately, to let you foe 
how accurately every Part in the natural Eye is con- 
1 uived to anfwer the Purpofes of Vifion ; that no Part 
could be wanting \v*:hcut a Deficiency in the Structure 
and Ufcs of that mod noble of all Organs : On the 
other Hand, it appears that no Part was redundant, or 
Cuperfluous : And again, with refpedt to the lwl&on 

Z 4 and 
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and Figure of each Part, that it was altogether fuch as 
the Nature of Vifion required: Upon the whole, -the 
'Eye is naturally of fo juft a Conformation that it ftan<b 
in no Need of the AfMance of the Science of Optica, 
tut in Regard to Telefcopes and Microfcopes, concern- 
ing which 1 have very largely difcourfed to you hereto- 
fore. 

Eupbrof But how, CUonicus, fhall we then undertook 
the Reafon of fo many defective Eyes, which we daily 
obferve in all Ranks and Degrees of People, from the 
youngeft to the oldeft ; for nothing is more common to 
obferve, than that both Old and Young apply Glaffes, 
concave or convex, to their Eyes, to mend their natural 
Sight? 

CUon. Your Animadverfion is founded on a general 
Experience, I allow i but it mull be conGdered, that 
all thofe who ufe the convex Sort of GlafTes dp it « 
the Courfe of Nature j for the Eye, like all other Mem- 
bers of the Body, is fubje& to Decay, and in our de- 
clining Years requires A Gi fiance equal with every other 
Part, and confequently, this can be reckoned no preter- 
natural AfTe&ion of the Eye : But with regard to young 
People, if they are obliged to ufe GlafTes, it is from a 
real preternatural Conformation of the Eye % in them, 
the Eye is of a Figure too convex for making a perfefl 
Image of Objefts on the Retina in the Bottom of the 
Eye : but if we confider how very few there are of this 
Oafs, compared with" the Bulk of Mankind, we muft 
reckon them only particular Exceptions to Nature's per- 
feft and handy Work. 

Eupbrof. 1 have alfo heard of another Reafon for the 
Ufe of concave GlafTes, viz that becaufe fome People 
in higher Life have been obliged, from a natural 
Necdfity, to ufe them, others in lower Spheres (wbofe 
corporeal Eyes flood in much lefs Need of mending 
than thofe of their Mind) thought it became them to 
imitate their Superiors in this Refpeft ; and b the 
Application of Concaves became 'improved into a Fa- 
il) ion. 

CUon. People are not only excefiively fond of being 
in the Fafhion, in fetting off the real Beauties and Exi 
ccliencies of their Perfons with all the Extravagance 

imaginable^ 
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imaginable, in regard to d reding, painting, &c. but they 
are fo prepofterous, as even to biemifti and eclipte their 
natural Per fed ions t ratify this abfurd Paflion ; witnefs, 
in your Sex, the Pctchu (which at firft were only design- 
ed to hide Pimples), and in our's, the affected Practice of 
A&y*pt[m y or the Application of Concaves where none are 
wanting, and where they mutt do harm. 

Eupbrof. Why is fuch a Peribn who ufes a concave 
palled a Adyops ? 

Clnn. The Word Afytps is of Greet Etymology^ and 
fignifies, in plain Eigltjb y Moufe-e\ed\ becaufe a Moufe 
has a very round Eye, or the Wru.le of it is aim oft a 
Spherule, or fmall Globe, as you may eafily fatisfy your- 
Felf when you fee that Animal in a Trap; or, which is 
nearly the fame Thing, you ice fuch an Eye every Day 
in the beautiful little Squii rel you keep. 

Eupbrof. You have fatufied me in that Particular. — 
By the Inftruclions you have heretofore given me, I be- 
lieve, I am able to fee the Nature of this Deficirnce in the 
Eye, which you call Myopifm^ for it is, if I miftake not, 
an Eye with too fhort a focal Diftance, occaGoned by too 

E»t a Degree of Convexity in the Cornea^ or anterior 
rt of the Eye. 

CUon. That is the very Cafe, my Euphrofym ; and that 
you may the better fee and compare an Eye of a juft Con- 
formation with the two Sorts that are not fo, I have pro* 
Tided three Diagrams, to (hew their different Structures 
respectively. In one of thefe (Fig. 3. Plate LI.) an Ob- 
ject O B is placed at a proper reading Diftance before the 
JLye, whole Cornea KPL, the Pupil 0, and cryftalline 
Humour S T, with every other Part, are of a juft Con- 
formation to make the Image I M perfect on the optic 
Nerve at the Bottom of the Eye. 

Eupbrof This is all very evident in the Figure, where 
the focal Diftance of the Eye is juft equal to its Diame- 
ter : But what is the proper reading Diftance C P, at 

which the Object O B is to be held for viewing it in the 
beft Manner ? 

CUon. When we want to read, or view a Thing in 
the mod perfect Manner, Nature, without our Attention, 
ftretcbes out the Hand to about 14 or 16 Inches, accord- 
ing to the Difference of Eyes, which is feldom more 

or 
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or lefs ; and therefore, by Experience, that is confirmed 
Co be the Diftance for viewing Objects with the natural 
Eye. — But if the Cornea happens not to have this natural 
Degree of Convexity, as in the other Diagram (Fig. 4.) 
which you here fee, where KPL, the Cornea, has a 
greater Degree of Convexity than what is juft, the Rajs 
which come from any Point C, in an Obje£t at the 
Diftance C P as before, will here be united, and repre- 
sent that Point C, fhort of the Retina ; and fo all other 
Points in the Objcft O B, and confequently the Image, 
thereof, will be formed and represented at I M, fome 

Diftance from the Bottom of the Eye. As this is 

the Cafe, we find a near-fighted Perfon obliged to hold 
the Objcft much nearer to the Eye, viz. at O B t in order 
to lengthen the focal Diftance, and make the Rays reach 
the Bottom of the Eye before they unite ; and as they, iii 
that Cafe, reprefent the Image perfeft on the Retina, at 
/ m, they procure diftiu£t Vifion of the Objc& in that 
near Diftance c ?. 

Eupbrof. As the My ops has it in his Power to reflify 
this natural Defedl of Vifion for any Objects near him, 
or fuch as he holds in his Hand, bylefTening the Diftance 
between the Objeft and the Eye, till the focal Diftance 
is thereby adjuflcd upon the R<thu : So a concave Glafs 
cannot be neceflary on that Account It muft there- 
fore be only for viewing remote Objects, where the Dif- 
tance is unalterable, at leaft cannot be diminifhedfo much 
as is neceflary for a ju(t Prolongation of the Focus of the 
Eye, and where, of courfe, a concave Glafs muft be ap- 
plied to perform that Office. 

Cleon. You feem to have very jufl Ideas of this 
Matter; for the concave Glafs E'F being applied before 
the Eye, diverges every Pencil of Hays a C b in fuch 
Manner as to make them fail upon the- Pupil y 9 ss if trK-y 
came from the Point c ac a much lei's Diihnce from the 
Glafs EFj and when the Concavity or this Glafs is 
fuch as the near -fightcd I've requires then will the 
Image / m be duly i'jrmed on the Ru'inx^ oi" the tiifhiut 
Objert O B. 

kupbrcf. This I apprehend very clearly, and, with 
Regard to a Afysps, 1 obfervc, that any Object O R 
appears lefs to him, as //, and alio at n.ucn nearer 

Diiljnce 
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Diftance than to a well formed Eye. Hence like- 
wife it mud follow, that as there may be various Degrees 
of Convexity in the Eye beyond that which is ju(t, fo 
there mud be a great Variety of concave Glades neceflii- 
rily correfponding thereto, and to be ufed as Remedies fcr 
the fame. 

Cieon. After the fame Manner you will underftand, 
by the third Diagram, (Fig. 5.; ior that Ptejbyta (which 
is a Greek Word lor elderly People) the Cornea K P L has 
too fmall a Degree of Convexity to converge a Pencil of 
Rays a C b coming from a Point C (in any Object O B 
at the natural reading Di fiance (as in Fig. 3 ) to its 
proper focal Diftance at the Bottom of the Eye ; but 
they will proceed to a Point beyond the Eye, where, if 
they were not intercepted, they would form the Image 
(i m). Now though fuch a long-fighted Perfon might re- 
move a Book, or other Obje£t, to iuch a Diftance from 
the Eye, that he (hall he able, by that Means, to fhorteu 
the focal Diftance of the Kays, and read without a Glafs, 
yet this would be attended with great Inconvenience, in 
general, and the reading at fo great a Diftance would be 
auk ward and unfightly, as well as unnatural : Therefore, 
by applying the convex Glafs G 11, the aforefaid Pencil 
of Rays («.C£) is made to fall lefs diverging upon the 
Eye, or as if they came from the Objeft O B at a greater 
Diftance. By this Means, that Pencil of Rays is duly 
converged to a Focus at the Bottom of the Eye, and thus 
all other Points in the Object O B wil! be rtprefented in 
the Image I M on l " c R*t:na> and theieby produce dil- 
tincl Virion. 

. Euphroj. All this too I cannot but apprehend, as you 
Jiave partly explained it to me in a former Conference : — 
And alfo, from the Figure, it is eaiy to infer, that, to a 
Prejbytti, Objects appear through Grills magnified, and 
at greater Diftance, juft the Keverfe to the Cafe of the 

Jldycps. — ■ You have now led me through the Rationale 

©f thofe we call ocular Glaflcs, both concave and con- 
vex, that are ufed for rectifying Virion in general. Have 
you any Thing farther to obferve, with refptct to the 
Manner of applying them to the Eye with the greauft 
Advantage i 

Cj* i« ft 
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CU$*. Yes } there are two Things which, by Ac 
Laws of Optic*, every t atiftnal Man muft chink himfelf 
obliged to obferve and conform to : The firft it, tint 
no more Light be admitted noon the Eye than what u 
necefiary to illuminate the Object, fliew it diftinctly, 
and to allow of a fufficient Field of View : Bat, on this, 
J have already expatiated to you, which needs no farther 
Repetition *. 

Eupbrof. I remember very well what you faid to me 
on that Subject, and am thoroughly convinced of thf 
Reafon of it : Bat what is the fecond Particular to be ob- 
ferved in the Ufe of thefe Ghffes ? 

Cleon. The fecond Thing necefjary in the Application 
of thefe Ghffes is, that they are fo placed before the 
Eye, that the Axis of each Glafs may coincide with tbe 
Axis of the Eye, and be therefore directed to, and united 
in the Object that we view: This muft he obferved rery 
ftri&ly, with regard to Convex Glades, as by them 
we view near Objects ; but it has little to do with Con- 
caves, as the Objects feen by them are generally remote, 
and therefore the Error, in this Refpect, ajmoft infcnfibk: 
But as this Matter cannot well be explained, witbott 
a large Copper-plate, I muft refer you to a Treatife lately 

!>ubli(hed on this Subject, where you will find ample In- 
ormation concerning this, and all other ufeful Precau- 
tions in the Ufe of Visual Glasses, and their Differ* 
ence from the abfurd and injurious Structure of common 
Spectacles, f 

Eupbrof. But after all, you prom i fed to illuftrate this 
Affair by an artifidal Eye, which I take to be this round 
Globe of Brafs on a Pedeftal, with a Glafs before and be- 
hind. Pray, what is the Structure and Similarity between 
this and the natural Eye ? 

Cleon. If great Art and Expence were employed, there 
might be a very considerable Likenefs produced between 
the Structure of the natural and artificial Eye, fo far that 
in every Part they (hould each of them ha?e nearly the 

fame Appearance : —But without regard to the Size 

and 
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*nd Form of the condiment Parts, a great Similarity 
may be produced in the EfFe&s of one and the other ; 
and this is fufficient for our Purpofe, as, by Means of 
this artificial Eye, in a very fimple Structure, we can 
eafily reprefent or illuftrate the three different Cafes of 
natural Eyes before mentioned ; and for this Purpofe 
only four Glafles are neceflary, three of which are Con- 
vex ones, and finely polifhed, included feverally in proper 
Cells or Rims, and to be fcrewed into the fame Hole on 
the Fore-part of the artificial Eye. The Fourth is a 
plain Glafs, ground on one Side with fine Emery to take 
off the Polifh, and thereby to render it, as it were, Semi- 
tranfparent. 

Evpbrcf. By your very Defer iption of this laft Glafs, 
I fuppofe it mud reprefent the Retina in the natural Eye, 
which, I remember, you (hewed me was neither Opake 
nor Tranfparent, but between both. 

CU$n. I obferved to you, at the fame Time,, that this . 
Quality, or Degree of Tranfparency in the Retina, did 
not appear to be neceflary to Vifion ; but in the artificial 
Eye it really is fo, becaufe, were this Glafs wholly Opake, 
or Tranfparent, it could not anfwer the Purpofe ; as ia 
one Cafe, no Image of an Object could be feen upon it 3 
and in the other, though the Image might perfectly ap- 
pear, yet its Locality, or particular Place, could not be . 
lb well determined : But being thus half tranfparent* 
will nicely (hew the Image, and the Place where it 19 . 
formed at the fame Time. 

Emphref. I under (land you perfectly well ; but I ob- 
ferve this Glafs is plain, and has not the true Figure of 
the hinder Part of the Eye. 

Clan. That Figure would not be eafily imitated by 
Art, as it is neither plain nor fpherical ; Nature takes a 
perfect Method in all her Operations: Art can only 
imitate by Approximation, but a plain Glafs will anfwer 
our prefent and particular Defign. 

Eupbrof. The three GlafTes which are fcrewed on in 
the Fore-part of this Brafs Eye are, ( prefume, defigned 
to form the Images of Objects on this. artificial Retina, 
or Glafs, behind ; and, becaufe you have three in Num- 
ber, I fuppofe one is to reprefent the Cafe of a well-for- 
med Eye, and the other two the deficient Ones of the 
Afyopt and Prefiyta ? 



\ 
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Clean. That is the very Thing, my Eupbrefyne, a. a 
I will now fhew you by an Experiment T h «s 

Di.i meter of the artificial Eye, you obferve, is tw-^*> 

Inches : Then I fcrew on the Glafs (N Q u ) 

whole focal ]')i (lance is juft 2 Inches : Then 1 

take the artificial Eye, and (landing a t the Di fiance o^»f 
about 12 or 15 Feet from the Window, and holding th — * 
artificial Eye directly before my own Eye, I fee the Imag- -^ 
of the Window very di(Hnc~Uy formed upon the groun ^ 

Glafc, Now, take the Eye in your own Hand, an^^l 

ftanding at the fame Diftance, you will obferve the fam ^ 
Thing. 

Euphrcf. That I do perfect! y ; and a very curio* -^ 

Experiment it is : '• — The Window appears in all r e - 

fpecls like the Picture of Objects in a Camera Obfcwrer -» 
molt natural, bright, vivid, and every Way the famerr 9 
I prcfume, as it would appear on the Retina of the Natu. — — " 
ral Eye, if it was poflible to be there feen. 

Clcon. See it you may in the natural Eye, in fom * -S 
Meafurc; and, as I know you arc very curious in-thef - ^^ 
Matters, I have prepared fuch an Eye on Purpofe t^cr^ 

fhew you this very Phenomenon therein. You her ** s 

fee the large Eye of an Ox diveftcd of all its mufcnlm *" 
and membraneous Parts, and then a circular Hole cut i *~" * 
the Sclerotica^ or external Coat of the Eye, and alf"*^^ 
through the Ch:r:>icUs which lie immediately within i ^"-^ 
and then a Part of the R'.tina appears entire and in « ^ 

natural Stare : Then I hold this natural Eye ir X^ 

againft the Window, and you fee the Image of the Wir» — 
dow perfectly formed on the Rjtina, jull in the fan*. ^ 
Manner as in the artificial Eye. 

Eupbrof. This is, indeed, an exptrlmcntum Cruti^~ * 
or capital Experiment in Vifion, than which nothin ]£ 
can give a more full and exquifite Satisfaction, wit *"* 
icgaid to the Manner how Vifion is performed in th & 
Eye. 

Cl'tn. But now if a Glafs, either convex or concate?* 
be placed before the Cornea of the natural or artificial Eyr* 
the Image no longer appears dillimfl on the natural orai^ 
tilici.il tiJi'ia y as you may try with each Eye fcverallft 
while 1 apply each Sort of Glafs before them. 

Eupbrif. 



I 
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Euplirof. Then I will take one of the Eyes in one 
Hand, and the other in the other, and, if you pleafe, 

fifit apply the Convex: — In each Eye the Image 

di (appears, nt lead its Appearance is very con fu fed. 
Now apply the Concave, that I may fee the Effect of 
that : It is very much the fame as before, no Beau- 
ty or Diftinelnefs of the Image any longer appears, and 
confequently no Perfeiiion of Vifion in the natural Eve. 
■ — Hence it :>ppe?rs, however ufeful thofe Glaflcs 
may be on 10 me Occa lions, yet, when the Eye has its 
due Form or Figure, they can never be ufed without pre- 
judicing the Sight. Heafe now to (hew me the Expe- 
riment of the Alyops. 

Cieon. For this Purpofe I mud fcrew on the Glafs 
{N° 2.) whofe focal Diftance is only one Inch and 
a Half* arifing from iis greater Degree of Convexity. 
In this Refpect it will reprefent the Csrnta of a (hort- 
fightcd Eye, as well as in its Effect of forming the Imnge 
fliort of the Retina, and, confequently, it mud appear 

very imperfect upon the Glafs behind : hold it up 

agaiuft the Window, and lee the Confequence of fuch a 
convex Glafs. 

Eupbrol I do : It very plainly appears, that no 

Image of the Window, or any o:her Object at a Didsnce, 
fan have its Image formed in any Degree of Diflinctnefs 

on the glafly Retina of this Eye. Now, pleafe to put 

before it the concave Glafs, for a Remedy. 

Cicon. I will : It is now juft before the arti- 
ficial Cornea ^ and, by caufing the Piays to go lefs con- 
verging, they piocctd to the ground Glafs before they 
unite in a Focus, ami there make the Image as perfect 
a* before. 

Eupbrof. I very plainly perceive it ; but I obferve 
at the fame Time, that the Image of the Window is 
not fo large as before, which fives the Reafon why fhort- 
fighted People fee ali Objects of lefs apparent Magnitude 
than other People do, a I hing 1 remember you formerly 

ebferved to me. You will next favour me with an 

Experiment of a long-fighted Eye, which requires a 
Convex Ghfs. 

Chon. In order to this, I (hall put on the Glafs 
(N° 3 ) where the fecal Diftance is two Inches and an 

Half, 
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Half, which, as it exceeds the Diameter of the Eye, 
the Image will neceflkrily be feen very imperfect on 

the Glafs behind: But when I apply a Come* 

Glafs between the Eye and the Window, you will 
then fee, by this additional Convexity, that the Ray* 
will be made to converge to a Focus on the glaffy Re** 
iina % and there reprcfent the Image of the Window per— - ' 

fe£t. Take it in your Hand, and try the Experi"-"" 

ment 

Euph'of. I will firft hold up the Eye without yoe i^ 

Vifuai Giafs : There is not the leaft Appearance o^E 

any diUintfc Image: One may juft fee it is a Window^g 

and that is all. Pieafc to apply the Convex. ^^ 

now fee the Image of the Window rcftored to its perfeft^" 
Form, but much larger than in either of the foregoin^^ 

Cafes : By this Experiment I am alfo fatisfied oP^ 

the Reafon why tbofe who ufe Vifuai Glaties muft necefli— 
rily fee all Obje&s larger than they appear to the naked 
Eye well formed : And (nice this is the Cafe, how does 
it come to pafs, C/conicus y that we do not hear fhort* 
lighted People fpeak of feeing Things fmaller, or oH 
People of feeing them larger, than others who ufe ao 
Glaflcs at all ? 

Clem. There is no fuch Thing in Nature as » 
Standard of real Magnitude, but only of that which i« 
apparent > an Inch, or Toot, or Yard, is as much a 
Standard Mcafure to a Af-opj or Prejbyta^ as to a Perfon ! 
who views it without a (ilais : And iincc to each Perfon 
every Thing appears diminished or magnified in the fame 
Proportion, they mult necellarily all of them have the 
fame Ideas of apparent Magnitude, as the Scale of Com- 
parifon is dill the fame in all ; for Things arc only great 
or fmall, by Comparifon made in the fame Scale, or by 

the fame Standard.- There is only one Thing now 

which remains to be confirmed by an Experiment, and 
that is, to fliew how much more diftinft the Image of 
any given Object is formed by a Glafs of a proper Aper- 
ture, than by another of an exorbitant Size : For In* 
fiance, that which you have feen in the Eye of two 
Inches Focus is only ] of an Inch in Diameter: I will 
now put on another Glafs which is twice as much, 01 
one Inch and an Half in Diameter j it is of the fame 

focal 
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focal Diftance, and will form the Image of the Objedfc 
on the Glafs as before, but with four Times the Quantity 
of Light ; on which Account, the Diftin&nefs of the 
Image will be greatly impaired, and, confequently, the 
Perfection of Vifion which depends upon it, as you will 
obferve by the Experiment, is deftroyed. 

Empbrof. This is a very plain Cafe:— —The Image 
is now quite fuffufed, or overwhelmed, as it were, with 
Light ; and far from being fo diftind and perfect as it 
was before : By which I am thoroughly convinced what 
Judgment and Care is neceflary for giving fuch Apertures 
to optical Inftruments as are neceflary for their due Per- 
fection, and, particularly, how abfurd it muft be to co- 
vet a large Spe£tacle-glafs, when one of a fmaller Size 
will fo much better affift the Sight* — But I fuppofe, by 
this time I have fufficiently tired you with fuch a tedi- 
ous Series of Speculations in Optics :— It will be a Re- 
fief and Pleafure to you, as well as me, to change the 
Snbje£t, and make a Tranfition to fome other Object of 
natural Science, that may afford another kind of Enter- 
tainment. What can you think of, C/e$Hicus 9 that will 
offer itfelf rnoft proper for that Purpofe ? 

Chen. Why truly, my E*pbr*/ynt, we have dwelt 
long on the Science of Optics, and yet have notexhauftcd 
the Subject ; but, as my Defign is to give not a critical, 
hot curfory View of general Topics, 1 (hall now direct 

Ear Thoughts to another important Branch of Know- 
Igs, which is the DoSfrim cf Sounds, and give you 
am Idea, fo far as I am able, of the wonderful Mccbanifm 
and Structure of the Ear, which is that Organ that ren- 
ders them perceptible to the Mind, and which, I prefume* 
you will find a Subject not much inferior, in Point of 
Curiofity and mental Improvement, to that of the Organ 
of Sight. 
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DIALOGUE VI. 

On the general N atur b and Caus e of Sou m ds. 

CUonicus. 

FROM the Science of Optics we now proceed to 
that which is called Acoustics, which treats of 
the Philofophy, or Doftrine of Sounds, and of the Con- 
ftitution of the Organ of Hea&ing, placed in die Ear, 
by which thofe Sounds are rendered audible* or fenGble 
to us, under all their different Affedions and Circon- 
ftances. 

Euphrof. This Subjeft muft neceffarily afford roe ?ery 
ufeful, very inftru&ive and entertaining Leffons $ for, at 
the Subject is that of Sound, I naturally conclude, that 
the Science of Muflc will make a confiderable Part of 
bur Speculations, as it confifts wholly of an artful Mo- 
dulation and Modification of different Kinds of- Notes, 
or Sounds. 

Clem. Musrc is undoubtedly the effential and moft 
refined Part of the Philofophy of Sounds ; an agreeable 
Scene in Optics, or Perfpeclive, does not more delight 
the Eye and regale the Mind, than a Compofition of 
harmonious Sounds delights and pleafes the Organ of 
Hearing, and, perhaps, of all our Senfations : This 
does more immediately affect both the pathetic and rational 
Part of the human Syftem ; and hence it is, we fee 
Mankind in general fo fond of mufical Sounds, as it 
affefts them with the moft agreeable and ravifliing Sen- 
fations : But what inclines me moft, at prefent, to dif- 
courfe to you on this Subject is, the exquifue Tafte and 
Relifh you have for the Pleafure of this Science in every 
Refpect, and confequently a Rational of thofe Inftru* 
ments, with which you fo frequently delight yourfelt and 
Acquaintance, will be very grateful to you. 

Euphrof. Nothing can prove more fo ; and I remember 
you formerly hinted to me, when you treated of Air hi 
general, and fhewed the Experiments on the Air-pump, 
that the Nature of Sounds depended entirely upon a cer- 
tain Motion of the Particles of Air, and that by one 
particular Experiment of the Bell it was (hewn, that 

when 
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trhen the Air was exhaufted, or taken away, no Sound 
from the Bell could be heard. It is this Motion of Air 
therefore, I prefume, and its various Effects, that you 
now propofe a farther Explanation of. 

Cle$n. This is more immediately the Objeft of our 
prefent Difquifition : But as I have formerly told you, 
there is a two-fold Motion in the Air, which ought to 
be feparately confidered, to have a diftinct Notion of 
either ; the firft regards a Motion of the whole Body of 
the Atmofphere, or any Part thereof from one Place to 
another 5 but the fecond refpe&s the Motion of the Par- 
ticles of Air in themfelves limply confidered, and is not 
fo much a local Motion, from one Place to another, as a 
pulfive or vibrating Motion, which carries the Particles 
forward and backward, through the very fame Space. 
Do you think you apprehend me in this Diftinclion, my 
Euphrofyne ? 

Eufbrof. I believe I do, CIcwcus. By the firft Mo- 
tion of the Air, I conceive a great Quantity of it is carri- 
ed from one Part of the Globe to anotner, after the Man- 
ner we ufually call Wind, as you formerly explained to 
me, when you treated of the general Nature of the Air 

and Winds But the fecond Motion of the Air, or 

that rather which refpecr.9 the Motion of the Particles of 
Air in themfelves confidered, I cannot fay I have fo clear 
an Idea of ; but apprehend i: muit refult from, or depend 
open that Power which you convinced me exifted be- 
tween the Particle* of Air, which Leeps them all at an 
equal Diflance fr^m each oiher, and is that which yen 
called the Spring, or Elufiicuy of the Air. 

C.tc-v. Yvu recollect very well, my Euphraiyr.t ; it it 
by Means of this Power tb*t, when any one Particle is by 
any Caufc urged forward, it mud necnTarily propel the 
Particle next befoie it ; this fecond Partic'e, in the fame 
Manner, moves the third ; and the third, the fourth j 
and fo fucceifively : By this Means a Motion is pro- 
duced, and prop^gred in the feveral Particles of Air, 
through a ccruiii Space in a D::tclion forward; but 
then, on the other Ilan^, when ihe Force which wail 
firft impreft upon ilKci.iflic Pa't:c!c of Air is remitted, 
or ceafes to acl, the Panicles return again, by the Attica 
of this elaflic Force, through the lame Space. And, 
A a a baiy 
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laftly, if this Force be repeated, at dated Intervals, 
thefe elaftic Particles, there muft neceflarily be producea^j^ 
in them a mutual vibratory Motion of each Particle, f» ^ 
long as the repercufEve Force continues to acl : And it is- -■ 
this Motion of the Particles of Air that is the Caufe o ^ 
Sound in general. 

Euphrof. Indeed, Ctomats, this is fuch a nice Specu— — 
lation that, without a more circumflantial and plenary Ex—— 
planation, I fear I (hall fcarcely be able to get fuch clcac — 
and adequate Ideas, as I could with, of the Nature otf 
Sound : But, I fuppofe you can render it more facile by 
Experiments, or fome Hydrations of that Kind ? 

CUon. lean aflure you, my Euphrofyne, there is no 
one Part of natural Pbilofophy more intricate and difficult 
to explain than the Nature and A&ion of an elaftic 
Fluid. This was experienced and acknowledged by 
Sir Ifaac Newton himfclf ; and we find, by his Commen- 
tators on his Principia, that it was in treating of this 
Subjeft only, that they apprehended this great Man 
capable of a Miftakc : But it will not follow from hence, 
that, becaufe fome Parts are exceeding difficult, we 
fiiould not contemplate and improve our Minds with the 
Study of thofe which are more eafy and ufeful ; and 
therefore, to facilitate your Apprehenfion of what relates 
to the Doflrine of Sounds, 1 fliall confider in the firit 
Place, the Nature of thofe Forces, and the Manner in 
which they aft on the elaftic Medium of Air, by which 
that peculiar Motion is generated which proves the Caufe 
of Sound. — Secondly, the general Properties of the 
Pulfes of Air, and the Manner in which they are pro- 
pagated. Thirdly, the artificial Modulation of 

Sounds, bo"th inftrumental and vocal, fo as to render 

them harmonious and mufical to the Ear. Fourthly, 

the Organs furnifhed by Nature for forming and varioufly 
modulating animal Notes, or Voice. — Fifthly, the parti- 
cular Conftrutlion of the Organ of Hearing, placed in the 
Cavity of the Ear, for railing in the Mind the Senfationof 
Sound. 

- Euphrof Thefe feem to be very curious and important 
Topics, and it will give me great Pleafure to hear you ex- 
plain and expatiate upon them : Plcafe, therefore, to be- 
gin with the firft of them, in which you figuify the origi- 
nal Caufe of Sound confifts. 

CU$H m 
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Cken. The firft Thing to be confidered in the general 
Idea of Sound is, the percuflive Force, or Stroke, which 
is made upon the fonorous Body, whofe Parts are thereby 
put into Motion, and this Motion is to be underftood 
to be that which is produced by el a (tic Parts, or Particles, 
of which fuch Bodies confift $ for without inch an elaftic 
DifpoGtion of Part6 they could not by any Means be 
rendered fonorous, or capable of emitting Sounds, becaule 
the Stroke, being made externally, affccls the Particles 
of fuch a Body but with one (ingle Act ; the Particles 
of the Body could therefore, in fuch a Cafe, be moved 
through a certain fmall Space, and would there (lop by 
the Refiftance of the Pans beyond ; and without an 
elaftic Force the Particles would remain at reft, after the 
percutient Body is removed; and therefore, from one 
Jingle Stroke, the Parts of Bodies unelaftic could emit but 
one Gngle Sound, as they can affect the Air but by one 
Angle and un repeated Action; In i'uch Cafes we ufuaily 
fay, Wi hear the Stroke > and that is ail, as when we Itrike 
with a Hammer on a Piece of Lead, and other foft and 

tinfounding Subftances^ But when we confider the 

Stroke impretTed on Do dies, whofe Parts are in any 
confiderable Degree elaftic, they not only yield to the 
Stroke and go forward through a fmall Space, but, after 
the ftriking Body is removed, thofe elaftic Parts, by their 
jenitent Force, return again with a Velocity equal to that 
by which they were difplaced : And thus a Motion being 
produced of a vibratory Nature will continue a fenfibl* 
Time, and produce fucccflive Impulfes on the contiguous 
Air; and the Air being thus aginred by the elaftic Par- 
ticles of the Body, tranlmits its Pulfes fucceflively to the 
Ear, and there produces a Seniat:on of Sound of fome 
Duration; And thefe are what we properly cail fonorous, 

or founding Bodies. Thu*, a fine wire String being 

ftrained with a "Weight, or otherwife, becomes elaftic, 
.and if it be properly (truck with a Quill, it wiil emit x 
Note, or bound, which will continue audible a con- 

/iderabJe lime after the Stroke. Alio, if a Bell, 

or Glnfs, be (truck in a proper Manner, they will emit 
Sounds of confiderable Duration ; for which Reafcm 
they become the fittcJl lnftuiments for muficai Modu- 
i«ttious. 

A a 3 Euphrof, 
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Euphrof. Thefe Things I am well adored of from 
every Day's Experience ; but there is one Thioa; I ob* 
ferve in the Account you have given, which items to 
render the Word Sound of a complex Signification,, or as 
if it was one general Idea compofed of an infinite Nun* 
ber of Cm pie Sounds, fo quick repeated as to be all 
united in one : For, by what you fay, I collett- that at 
each Return of the vibrating Particles of the Body, a 
new Motion is impteffed upon the elaftic Particles of 
Air, and, confequently, that the Pu^fes of Air will fuc- 
ceed each other at Intervals of Time equal to thofe in 
which the vibrating Motion of the Parts of fuch Bodies 
are performed : But as thofe Intervals, or Moments of 
Time are fo exceeding fhort, as to be altogether iofen- 
fible, the diftind Succefllon of the Pulfesof the Air muft 
be fo too, and confequently they altogether con dilute 
but one general, or compound Sound. Is not this the 
Cafe, CUonicus t 
CUon. It is, my Eupbrofyne^ and as accurately as I 

could have cxprcfied it myfelf The Cafe here is 

much the fame as in Optics : A Beam of Light, confift* 
ing of Rays infinitely different in Refrangibilicy, will 
caufe that each particular Sort of Rays (hall make one 
particular Image of an Obje& in the Axis of a Glafs \ 
and confequeutiy, that though an Infinity of Images are 
thus formed, yet, being infinitely near each other, they 
all make but one compound, yet very diftintt, Image to 

the Eye. Or thus ; You have feen an Experiment, 

rfo Doubt, of a Boj's whirling round a red-hot Coal, 
which, to Appearance, makes a very complete fiery 
Circle ; but this is only a general Idea arifing from the 
particular Ideas of the Coal in the feveral Paits of the 
Circle ; and as the Coal fuccccds to thofe Parts fo very 
quick, that there is no Time for the fir ft Idea to be 
obliterated before it is excited again ; fo the Idea of the 
Coal in every Part of the Ciicle remaining, they mult 
neceflarily exhibit to the Mind the general Idea of a 

Ciicle of Fire, at aforcfaid. And, indeed, if we 

rightly confider Things, we mall find that molt of our 
Sulfations are pei formed in the Grots ; that our Powers 
and Faculties are not fufficicntly acute and perfeft to 
diftinguifh or comprehend the molt minute and fimple 

Opera; io:i$ 
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Operations of Nature.— —It is the feme in regard to all 
-our other Seafes : Our Smtll confifts of an infinite Num- 
ber of particular Scnfations raifed by the A&ion of innu- 
merable Effluvia on the Organ of that Senfe : And the 
like may be faid of the Seafaiion of Tafle, Uomfaperific 
Particles. 

Empbrtf. As this is the Cafe, how comes it to pafs 
that our ideas of thafe very complicated Scnfations fhouUJ 
yet be fo very diftind and perfect as they are ? 

Ckmu Your Que ft ion is very apropos my Euphrofynt, 
and I muft anfwer you in the Dialctt of the MuGcians, 
that the particular Sounds excited by the elaftic Particles 
are all Unifons, or of the fame Note, and therefore can 
make all together but one Sound to the Ear, or rather a 

Sound of but one Note An inconceivable Number of 

fmall Drops of Water put together form only one larger, 
or collective Drop, which, in every refpecl, refemblet 

each one of the fmalleft : So the A 61 ion of an 

infinite Number of Particles, being all of the fame Tenor, 
excite only a general, or colle&ive Idea of the fame Ac- 
t'toh on the Organ of Sm :11 or Tuile : But this is an Af- 
fair which requires rot 10 much Prolixity of Explanation 
to my Evphrdjyne. 

Enpbrof. indeed, I think you have given me a very 
clear Account of the fir ft Operation of Nature in the 
Production of Sound. -1 he fecond Thing you pro- 

pofed, I make no doubt, will prove equally fatisfa&ory, 
to the Explication of which I fliall be equally atten- 
tive. 

Clton. The Properties of the Pulfes of Air, in which 
the immediate Caufe of Sound confifts, 1 cannot better 
iliuftrate than by making, in fome Degree, a Comparifon 
betwixt them and the Waves of Water, as well in 
Things wherein they difagree as thofc wherein they agree, 
and they will mutually help to explain each other ; the 

Principle of which are as follow : If a Stone falls 

on the Surface of Water, by its Weight, or Force, 
it will ftrikc and defcend into it : But the Defccnt being 
fudden, or momentary, gives no Time for the Particles 
of Water to move Sideways to make room for the Stone, 
but are forced to rife inftantly, as it were, upwards above 
the common Levels and being raifed up, they defcend 
A a 4 again, 
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again, by Virtue of their Weight, juft as far bebw 4e 
Surface : In doing which, they muft drive a Fart of 
the Water beyond them into a higher Situation, and fa 
produce a fecond Ware : This, again, upon ka Defacat, 
caufes a third Elevation, or Wave of the Water not 
beyond it : And this, in descending, a Fourth, and fa 
on, till at Length they reach the Bank, or Shore* ape 
which they break and vanifli.— And here it m very- 
remarkable, that the Generation of Wavea in Water 
being produced by the Power of Gravity, their Mom 
will be analogous to that of a Pendulum, which is pt> 
duced by the fame Caufe.— — — The larger the Body * 
which defcends in the Water, the larger and more rapid 
will be the Motion of the Waves ; and it is found both 
from Reafon and Experience, that if a Pendulum be of 
a Length juft equal to the Width of the Wave, their 
Motions will both coincide, or be performed in the lame 
Time. 

Euphref. Now let me fee, CUcitiats, before you go far- 
ther, if 1 can illuftrate to myfelf this Matter by an Ex* 
ample. I have heard you fay oftentimes, that if the 
Length of a Pendulum be 39 t* Inches, its Vibrations 
will be performed in a Second of Time ; from whence 
I infer, that if a Stone falls upon the Water that (hall 
produce Waves at the Di (lance of 39 -^ Inches from 
each other, then they will move through that Space, or 
luccecd each other in a Second of Time. 

Cicon. You completely underftand this Affair, I fee: 
■ — Therefore I ihall next obferve that the Pulfes of 
Air and Waves of Water difagree in their Caufe, fince 
the one is owing to Elafticity, and the other to Gravity ; 
hut this, notwithftanding, they both agree with the 
Pendulum in the Nature of their Motion, as they are 
all of the vibratory Kind. — Another Thing in which 
the aqueous Waves differ from aereal Pulfes is, that the 
former are of a circular Form, as generated on the plain 
Surface of the Fluid ; but the others are ncceflaniy of a 
fpherical Form, as they are produced in the Body of an 
eiaflic Fluid. 

Eupbrof. This, on the Surface of the Water, is 
evident to Senfe ; the Waves are there concentric Circles : 
And in the Body of Air I find no Difficulty in appre- 
hending 
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bending they mud be of a fpherical Form ; for as the 
Motion begins from the founding Body, it mud be com* 
mmicated to, or equally imprefTed on all Parts, which 
therefore muft generate Pulfes of Air, diffufing themfelves 
equally every where in a fpherical Form. 

C&wr. You arCf indeed, very happy, my Eupbrofyne % 

in your Genius for pbyfical Speculations : —Jn 

Confequence of this Property of the Pulfes of Water 
and Air, we may eafily obferve another, which refpedis 
the Degree of Strength in each Pulfe, or Wave, as the 
Force of tbe firft Wave isfpent in generating the Seconds 
and that fecond Wave being a Circle at a greater Diftance 
than the Fir ft, will occafion a much greater Quantity of 
Water to be put into Motion, confequently, the Force 
io any particular Part of the fecond Wave will be as 
much lefs than it was in a like Part of the firft Wave as 
tbe Quantity of Matter was greater, 1. /. the Force in 
the fecond Wave is to that of the fit ft Wave, as the 
Circumference of the Firft is to that of the Second ; 
or the Forces decreafe as the Waves increafe in Circum- 
ference, or as their Diftance from the Center is greater. 
■ ■ ■ But with refpeft to the Waves, or Pulfes of 
Air, the Cafe is different ; for thefe being of a fpherical 
Form, the Force in each muft necefiarily decreafe in 
Proportion as tbe fpherical Superficies, or the acreal 
Pulfes increafe, which, as the Geometers demonftrate, 
is in Proportion to the Square of the Diftance from the 
Center. 

Eupbrof. That is, if I under (land you right, CUonicur, 
the Force in the fecond Wave of Water is but half as 
great as the Firft, and the third Wave is 3 J imes weaker, 
and to on ; but in regard to the Pulfes or Air, the Force 
of tbe Second will be 4 Times lefs than that in the 
Firft, and in the Third it will be 9 Times lefs ; in 

the Fourth, 16 Times lefs, and fo on. But one 

would think, as the Pulfes of Air decieafe fo faft, they 
could not have that very great Efleft upon the Drum of 
the Ear, or produce fo loud a bound as they gene/ally 
do. 

Clton. Our Organs are fo conftrucled as to have the 
ftrongeft Idea3 excited by the fm-illeft Alt ton of natural 
Bodies ipou them. How infinitely fmali are the Adieus 

of 
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of the Particles of Light on the optic Nerve in th 

Eye, and yet how great and glorious are the Ideas whicl^B 
thence arife ! In like Manner, we perceive how very fen 
Able the fmalleft Motions of the Air will be, by a common 
Whifper, which is fufficiently audible to a good liar; o 
the moft feVble Notes produced from a founding Strin^^ 
as they die away. 

Eufhrof. I frequently obferve the Things you fpeak c^ ^ 
with Wonder and Admiration —And another Thing JL 
obferve will follow from what you have faid ofthefpheri— 
cal Pulfes of Air, and that is, that the Sound of a Body 
muft neceflarily be heard on every Side, and be equal! y 
Itrong at an equal Diftance. 

Ciem m This naturally follows, from the Manner in 
which they are propagated, as you rightly obferve ; and I 
fbail farther add, that if the Waves on the Surface of 
Water are obftru&ed by any Obftacle, as fuppofe a large 
Plane with a Hole in any Pat, the Motion of the 
Waves, as' they apply to the Hole, will be propagated 
through it, and on the other Side will begin to fpread 
themfelves into a circular Form ; becaufe the Motion, 
produced in any Part of a Fluid, is imprefled every Way 
equally, and therefore from the Hole, the Agitation of 
the Water will proceed in a circular Form as well as 

from the Body itfelf which produced it It is in the 

fame Manner that they aie continued by the Sides of an 
Obit.iclr, and, after having pa fled beyond it, begin 
to ciirFuie themfelves into circular Forms behind it. This 
you may cahly try, by an Experiment even in a Veflel of 
W.iter. 

Euphrof. I (hall amufe myfelf with Experiments of 
thib Kind at my Lcifure. — I fuppofe you conclude from 
hence, that the Pulfes of Air too, after they proceed 
through Holes, and Obflacles round about their Surfaces, 
in like Manner dirtufe themiclves, and proceed every Way 
in a fpherical Form. 

C'eon, They certainly do f o ; and from thence it is 
that we find, if a Gun be (ircd on one Side of a Hiil, a 
I'erfon placed any where on the other Side will be very 
lenfible of it. But as the Waves of Air in this C.ife mutt 
take a much larger Circuit to reach the Ear, the Sound 
mull, of Courie, be weaker, than where there is no 

fuch 
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(iich Obftacle, and it arrives in its (horteft Courfc and 
with its full Force. 

Eupbrtf. You have inftanced fome Particulars wherein 
there is a confiderablc Refemblance between the Effects of 
Optics and Acouftics, in the Formation of the Images of 
Obje£ts, and Sounds in ftriking Bodies ; but pray, C'.ecni- 
£*tj is there any Conformity in the Manner in which 
Light and Sound are propagated ? The Reafon of my afk- 
ing is, that I have read and heard more on that Subject, 
than 1 was ever able to comprehend. 

Cleon. That you may very eafily do, my Euphrofyng ; 
When People undertake to explain Things by an Hypo- 
thecs not founded on the plained Dictates of Reafon t 
and unfupported by the moit indubitable Experiments, 
k is no Wonder if we hear them fny a great deal which 
muft be neceiiarily unintelligible to every Body. Such 
is the Cafe when we are told of a fubtle Med\um % by the 
Undulation of whofc elaftic Parts, the Particles of 
Light are put into a vibrating. Motion (iike the Particles 
of Air ve have been fpeaking of), and therefore the 
various Senfations of Vifion arc ccc.ifoned by thefe 
tuctfic Pulfes of the fubtle Medium, in the fame Manner 

as Sounds are produced by tliofc 0! common Air. 

But if this was the Cafe, you will eafily apprehend that 
all the other Properties of Motion, produced in an elaftic 

• fluid Medium, mud nccefTirily be allowed : One of 
v which is, that fuch a pulfive lVloiion of I-i^ht being 
C excited, it* Undulations will be continued every T .Vay 
1 equally, and, confequcntly, in their Paflhge through 
y Woles, and by the Sides of Obftacles, tluy will (like 
}f thofc of elaftic Air) expand themfclvcs into all the bor- 

• <*ering Spaces round about, and even behind thofc Ob- 
** a cles, and fo, of Courfe, would fill all the Parts 

*e^ind fuch Obflacle with Li^ht : liut this we find is 

Cc>r *trary to all Experience ; the Rays or Light, i*»ter- 

*^F**^i\ by any Sort of Obftacle. lea\in^ the Spaces wholly 

*5""^ behind, and thotz dark Spaces, or shadows as we 

^"^lly call them, arc always fuch as aie tciminated 
y _ Right-lines drawn fiom the extreme Part of the 

^ a ^ nt Object, and that which iireicepts its Li-ht. 

"" ' — -^The Motion of Light, therefore, is undoubtedly 

^ rc> P^g^ted in Right-line Ditcdicns only, from a 

**f puiiive 
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pulfivc Force it originally receives in its proper Fountain 
the Sun, which renders the Do£lrinc of a fubtile Medium 
unnatural and abfurd, in refpe& to the Propagation «f 
Light. 

Euphrof. I am thoroughly convinced, by what j^^ 
have faid, that Light cannot be propagated in the Ma ^' 
ner Sounds are ; for, if that were the Cafe, they woi* * 
bend round the Sides of the Earth, and make us *&~*\ 
perpetual Day:— — An Eclipfe of the Moon mov^- d 
be a Thing impoflible in Nature, and we (hould ncws^ 1 
have known or have had the lead Ideas of a Firmamcc^^ 
of ufeful Stars — —It appears to me, that the plainc^^ 
Things in Life may be perverted into a Matter of Car 
prifing Difputation, by a Set of People who fecm l^'^ ) 
have no intelle&ual Optics, fincc even the very Dofltin ^^ 
of Shadows itfelf mud, one would think have beamed** 
on their Minds the Light of Truth.— But to return : 
Pray, what are the next remarkable Properties of Ail ic ^ J 
refpeft to Sounds ? 

Cleon. The next Property of thefc aereal Pulfes if f 
that they are fubje& to a Reflection from any fixed Plaat— i 
or Obftacle, from the fame Caufe with that of the Parti — 
cles of Light ; for the Particles both of Light and Air f k — 
ing folid Bodies, will be equally refle&ed by the Re-ac— — ' 
lion of the Particles of any fixed Objed on which ihe^gjf 
flrike ; and this Reflection of the aerial Particles muf "* 
necefiarily produce Agitations, or Vibrations in th^^ 
Medium, which proceed every Way equally in Form** -". 
fpherical Shells, as beforehand this re pe re uffive Motion <^-* 
the fonorous Air will produce a fecond Sound, or rathe * 
an Image of the Firft, if one may fo fpeak ; and this Re~ 
petition of the Sound is what you have been fo often amus- 
ed with under the Name of an Echo. 

Euphrof. In all this I under (land you very well* *- 
there is no more Difficulty in conceiving the Relation 
there is between the Sound and its Echo, than there i* 
between the Obje£t and its Image by reflected Light - 

But a Circumltance in which they differ is thifc 

that, wiih regard to Light, the Angle of Reflection, & 
ihe Eye, muft be equ^l to that of Incidence, that A* 
Image may appear: But, let me (land where I wffli * 
hear the Echo, though not equally plain and diflaft' 
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I have often taken Notice, when I have been 
walking in the Fields, at a Di (lance from the Town, 
that this Reflexion of Sound has been extremely fenfible 
in a Variety of Echos, from every confiderable Sound 
which has had Force enough to ftrike againft the Side 
of our Church, for producing fuch a Kepercuffion or 
Reflection : Thus, the Report of a Gun is always 
heard twice ; and it was not long Once I obferved a Man 
cleaving of Wood at about a Quarter of a Mile Diftancc 
from the Church, and every Stroke upon the Wedge was 
refounded, or echoed from the Side of the Church in fo 
diftinct a Manner as afforded me no fmall Amufemenc 
during the Time of Obfervation : But one Thing I 
took particular Notice of, which was, that the Echo 
did not fucceed immediately to the Sound of the Stroke, 
but after aa Interval of Time fo confiderable, that I 
could not help taking particular Notice of, and reflect- 
ing fome Time on the Caufe, or Reafon thereof, which, at 
Length, I concluded mult be, the temporary and 
progrcflive Motion of Sound : By which Means, the 
Time which the Particles of Air employ in this diiett 
progrcffive Motion of their Vibrations from the Man to 
the Church, and from thence to the Ear, is fuch as 
makes the Echo at fuch a fenfible Diftance of Time from 
the Sound itfelf. 

Clem. Thefe Echos oftentimes afford a pleafant Amufe- 
ment to the Curious, efpecialiy where and when you 
find fuch Surfaces which are called the photiocamft'u P i ane % 
that (hall reflect the Particles of Air with the greateft 
Regularity and Perfection : For, in the Writings of 
Ntturalifts, you will oftentimes find fuch Hiflorics_ of 
Echos as are very furprifing, and almoft incredible ; 
fuch, for Inflancc, as will repeat not only Syllables, but 
even Words, diitinftly, and fometimes fo many of 
them as really to make the Echo fpeak ; from whence 
thefe Echos are called polyphonous, tautological^ or prattling 
Echo*, which oftentimes afford a pleafant and ludicrous 
Theme as well to the Poet as the Philofopher, as you may 
lee in Btjhe's Art of Poetry, and othci Compohticns cf 
that Kiod, under the Word Eeh*. 

Eupbrof Then, I fuppofe, this very Phenomenon of 
a talkative Echo will have another Inftance of Refem- 

blance 
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b>ance to that of refle&ed Light, viz. that whereas the 
Image is feen in the Direction of the refle&ed Ray, aud 
confequently in or behind the GJafs, jufl fo, I imagine, 
the Voice of the Man who is fpeaking mult, in the Echo, 
be heard as coming from the Plane ; and therefore the 
Man himfelf and his mimic Echo mull be heard from 
two diftant Places ; for thus it is, I know, by Experience, 
in all the (ingle Echcs 1 have heard. 

Clean. In this you are perfectly right : And, to carry 
the Com pari Ton dill farther in regard to the Reflection or 
Light and Air, it is to be obferved, that as the Image 
by Reflection from a plain Surface is nearly as ftroog, 
vivid, and perfect as the Objedt feen by dire& Ray*, to, 
in the Repetition of Sound, the Echo differs but very, 
little from the original Sound, unlefs the Diftance be 
great \ and (till nearer would it approach thereto if the 
phonocamptic, or reflecting Plane for Sound, was poliflied 
as perfectly as that for the Reflection of Light. And 1 
can aflure you, my Eupbrofyne^ were I poftefled o( tint 
enormous Wealth as many Perfons are, I would make it 
my Bufinefs to find the bell Situation of a Plane for re* 
verberating Sounds, and then would directly face the 
whole with Stone or Marble of a curious polifhed Surface, 
on Purpofe that it might be found, by Experience, what 
perfection this Part of Acoujiics^ which relates to Echo*, 

is capable of. Again ; as a polifhed Plane neither 

magnifies nor diminishes an Object, fo neither can it 
increafe or diminifii the Intcniity of Sound : Hut as 
Glades may be fitted fo as to magnify and diminifli the 
Appearance of Objects, lb likewifc are lnitrumerr.a 
to be formed for magnifying or diminishing Sounds 
when there if. Occalion for it, which not very raro? 
Inppcns. 

Eupbrof. Such Infl.ru men ts, I fuppofc you m? : n, 
CUoniaiSy a* arc c.iiled Jpeaking and hearing TRUMrtTS', 
the former ot which magnifies the Sound or the Voice, 
•and therrhy oc.\if:~-:is it to 'be heard at very great Dilunces: 
For which Purpofe, 1 know, they are of very great Ute 
at Sea, in tra:i;"i:.itiing the Voice in an audible Manner 
from onu Ship to auoiher, which would otherwife be 
impMiibic io Le h<_ard. 1 he latter, I obferve, are ufed bv 
People who are \ery deaf, in order to magnify common 
So kinds upon the Or^an i:i licmivg. 
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Clton* It is very true, my Eitpbrofine ; the Speaking- 
trumpet is anal vi); jus to a magnifying Glais, or Speculum, 
in Optics, which makes the Image of an Object bigger 
than the Objeft itfelf ; fo the Speaking-trumpets are con- 
ftru&ed in fuch a Manner, as to magnify the Sound of 
the Voice ; for the Force of the Voice, naturally, i>, 
fpent upon all the circumambient Air; whereas, by 
Means of the Trumpet, the whole Force of the Voice Is 
made to aft upon that Quantity of Air only which is con- 
tained in the Tube of the Trumpet, by which Means 
that fmall Parcel of Air will be put into a much ^reatjr 
Motion, and have its Vibrations excited and rendered 
much ftronger than they couid other wife be at a given 
Diftancc from the Mouth. Thus, for Inftance, ac the. 
Diftance of the End of rhe Trumpet, the whole Force 
of the Voice agitates the Air only contained in the Area 
of the faid Trumpet's Aperture : Whereas, without 
the Trumpet, that Force is dirTufed into a wlule fpherical 
Superficies, whofc Diameter is twice the Length or the 
Trumpet, which Superficies may be 400 Times greater 
than the Aperture of the Trumpet j and therefore tlu: 
Intenfity, or Strength of the Voice, will be fo many Time* 
increased, or magnified by the Trumpet. Her.ce, by 
Means of fuch a Speaking-trumpet, People at a Difhncc 
can hear us to the fame Advantage as they can lee us by 
the Ufe of a Teletcope. 

Euphrof. After the fame Manner, then, I prefumc. 
a Perion who is hard of hearing has this Organ, or heme, 
affifted by a Trumpet of nearly the fame Form ; for as 
the Vibrations of the Air are too weak to prod: ice an 
audible Sound on fuch an Ear diftinclly, the<efoie a 
Trumpet, being applied to the Ear, receive* the languid 
Pulfes of Air, and, by a con ft ant Rvpcrculfion ami 
Agitation of the Air in the Tube, heightens and increaics 
its Force in Proportion as the Space becomes lefs, or the 
Tube is narrower, till it reaches the Drum of the Ear. 
where it become, fo great as to render the o.iginal Sound 
of the Voice diftinft and audible to that deafened Organ. 
■ ■ This Effect, 1 apprehend, is fimilar to that of 

vifual duties to a deficient, or long-fightcd Eye : i.o> 
that, by the Afliftance of Art, both the Organs of 
Sight and Hearing may, when deficient by Age. receive 

cuafideiablc 
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confiderable improvements, and, as it were, a Renovation 
ro the End of Life. 

Gleon. Before -we leave this Subject of magnifyin £ 
Sounds, I mud put you in mind of the Whifperin^ 
gallery in St. Paul's, which gave you fo much Surpris * 
and Entertainment when you was laft at London . Yo>«; 
then heard a Voice fo loud and diftinft as if the Ferfoc 
was within the Diftance of a few Feet ; whereas, r»* 
was really at the other Side of the Gallery, and hifl 
Voice emitted in Whifper fo low as not to have been 
heard by you near him, bad it been exprefled in a Room 
of a common Form But this fmall Force of the Voice* 
being im pre fled upon the Air contained in the Room, or 
Space above that Gallery, was greatly increafed, by a 
con ft ant Reflection and Reciprocation from the fpherical 
Surface of the faid Dome, and became as it were at 
Length converged and condenfed on the Drum of the 
Ear, which, though at the Diftance of the whole Diame- 
ter of the Dome, are rendered fufficiently ftrong to 
excite the Idea of every Word that is fpoke.— — Bar, 
after all, it mud be con fe (fed, that few of ouracouftic 
Writers feem to underftand the Caufe of this Phxnome* 
non, and to explain it with that Clearnefs and Satis- 
faction, as Opticians do with refpeft to the Microfcope, 
for magnifying the fmallcft Objects, or rendering them 

very diftindl to the Eve. 1 (hall mention only ont 

Inftance more, in which there is a Similarity between 
Li*ht and Sound, viz.m regard to Velocity; but intbi* 
though the Velocity of Sound be exceeding great, yet ft 
bears fcirce any Proportion to the Velocity of Light ; 
for the latter cannot be rendered fenfible, or mcafured b/ 
any common Experiment. However, by fome Observa- 
tions of the new and improved Aftronomy, the Velocity 
of Light is found to be about 1 2 Millions of Miles p# 
Minute : Whereas, the Velocity of Sound is found, by 
unexceptionable Experiments, not to exceed 1142 Feet 
per Second : And hence it is, that we find a confiderable 
Time intervenes between feeing the Aclion, the Stroke, 
or Explofion of a Gun, and hearing the Sound thereof, 
viz. fo many Seconds as the Number 1 142 Feet is contain- 
ed in the Diftance between us and the Object that emit* 
the Sound, 
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Euphrof If this be the Cafe, it muft be eafy to mca- 
f ure the Diftance of an Obje& by meafuring that Interval 
fcf Time, which, I fuppole, you can ve/y readily do by 
Pendulums. 

Clean. Yes, very eafily, my Euphrofyne 5 and for that 
Purpofe I have here provided you a half fecond Pendulum ; 
for by that alone you may very nearly meafure the Diftance 
of a Cloud, at any Time, when it thunders and lightens: 
For Inftance, the next Thundcr-ftorm, you hang up the 
Pendulum on a Pin, and hold the Bob in your Hand rea- 
dy to let it go upon feeing the Flafli ; then, telling the 
Number of Vibrations which are made between that, and 
bearing the Clap of Thunder, you have meafurcd that 
Interval of Time in Half-feconds ; half that Number is 
the Number of whole Seconds, which the Sound takes up 
in coming from the Cloud to the Ear, to each of which 

Iou allow 1 142 Feet, and, confequently, you thereby 
now the Diftance of the Cloud in Feet to a great Degree 
of Exaftnefs, and which, indeed, cannot be found fo tru- 
ly in any other Way. 

Eupbrof. I am obliged to you for this little Inftrument, 
and fhall put it in Ufe, according to your Direction, the 
firft Opportunity that otYcrs. 



DIALOGUE VII. 

Of the Properties of Sound, with refpdt to 
Music, or Harmony. 

Cleonicus. 

WE have hitherto confidered the Properties of 
Sound which refult from the Manner in which 
they are generated and propagated; and as Sound confifts 
wholly in the vibrating Motion of the Air, it was natural 
to obferve, that the different Forces by which thofe 
Pulfes ftrike the Drum of the tar, will raife thofe Ideas 
in the Mind which are cxprcfled in the various Degrees 
otjlrong and weak Sounds, or othcrwife diftinguiflied by 
loud and hw \ for in Proportion as the Force is greater 
\ 7 ol. 11. fib on 
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ton the Membrane of the Ear, fi> the Sound will cm be 
flronger or louder, and vice iterfa. . . I 

Eupbref. This I can very cafily underftand:^— 
fiat what are thofe Affections of Sounds which you call 

J heir. Netes 9 or Tims, with thejr Yaric Dl i net ions *< 
'. find them in mymufical Boots? Something of this Kind 
I (hould be glad to under (land, as I fimuM be then f-iid 
to join a little Theory with my Practice. 

Clean. You mull not, my Eupbro!^rtf % cxpc& much 
to excel in both :— It is a Thing hardly ever k 
that a Perfon was completely (killed in ihc Theory oi 
JVfuGc, and, at the fame Time, a grea Proficient 
Practice* t 1 am very well informed, (hat Hauhbi bTi 
felf fcnefr but ?ery little of the Philofophy of Mufic, K 

leaft the mathematical Part thereof. What 

enquire after now, are the firft Principles of mtm\ 
Mulic, and they are extremely eafy and fcniibli: 
we may properly call an harmonic Ear ; but to others, 
they hare but Tery little Diftin&ion* or Meaning : Sttfi 
People hear Talk of the Seven netimrJ Ntta ef Mu 
as a blind Man may of the (even different Colours 
Light } for in neither Cafe tian any diflinct Ideas be ft 
ed of the Objects : But an Eat like ) aur's, natural!' 
formed for hearing Sounds, will readily apprehend <ra 
is meant by their Tone,, or Tune, with all their Diffirt^ 
ences and Gradations. You will then, in the firft Place, 
confider, that the human Mind is naturally difpofed to 
be pleafed and delighted with feme particular Modifica- 
tions of Sounds above others: Thus the Sound of a String, 
properly ftrained and ftruck with a Quill, is generally 
very agreeable to every Ear ; but thofe who have a mujkd 
Ear will find the Tone of that String, when put in 
Motion by the Air, dill much finer and more exquifitelf 
pleafing, as you yourfelf may be thoroughly convinced <x 
by the Experiment of the jEoIus's Harp. But other 
Sounds are emitted from Bodies, which arc as difngrecablc 
and uneafy to the Ear ; as in the Cafe of whetting a 
Saw, &c. where wc are to obferve, that all the Degree! 
from the mod grating to the moft pleafing Sound arrite 
principally from the Manner, in which the fame Bodyil 
ftruck, or put into Motion : The finer and more delicate 
the Touch, the more delightful and exquifite the Note 

that 
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£hat enfues, as we, by Experience, find in the Violin^ the 
Spinet y the Lyr'ubordy the Dulcimer^ and the JEclian Harp : 
' » — Alfo, if a Glafs be properly (truck with a Wire, 

it will emit a pleafant Sound *, but it it be artfully touch* 
«d with a Finger a little wet, the Sound will be Hill much 
finer and more agreeable ; from all which we may col- 
left, that all we mean by the Notes^ or Tones of Sound, 
is fuch a Modification thereof as renders them more or 
lefs agreeable to the Ear. 

Eupbrof. I believe 1 underftand you in all that you 
have faid, and, therefore, fuppofe that thefe Sounds, emit- 
ted from Bodies, which are mod agreeable and pleafing 
tQthe Mind, are fuch as you call Iwmonical Sounds^ or mu- 
fical Notes 1 and of which the Muficians ferve thcmfclves 
in their various Compofitions.-— But what is that you call 
Concord % or Difcord, in Sounds ? 

CLon. By Concur d y is meant the pleafing Agreement of 
any two or more Sounds, or Notes ; and by Difcord, of 
Courfe, we mean the difagreeable Effect of two or more 
Sounds, upon the Ear, following each other in Succef- 
fion : For the Mind of Man is alfo naturally formed to 
receive Pleafure from a certain Succeflion of Sounds, or 
fuch as follow each other at proper Intervals; and for this 
Reafon they are called, the mufical Intervals of Sounds ; But 
when Notes, or Sounds, fucceed in a different Manner, 
and at other Intervals, then they become inharmonious 
and difagreeable. And it now remains, that I (hew you 
what Kind of Intervals of Sound, in Succeflion, are of a 
mufical Nature, and on what Principles they depend.— 
The eaficft Method for this Pur pule will be, that of a 
String properly drained on a Board, on whofe Vibrations 
each Tone will be found to depend: Accordingly, I 
have here provided you with feveral of thofe Strings, of 
different Sizes, Length, and Degrees of Ten lien j for 
you mud obferve, that according to the Time in which 
a String vibrates, its Note will vary with refpedt to high 
or low, or what the Muficians call Grave and Acute. 
For In fiance ; the Wire you fee here, being drained 
pretty tight, emits a Sound when I ft r ike it with a 
Quill, which is confiderably ftrong, high, or acute : 
ut now I will relax it a little, and then, ftriking it,—— 
pu readily obferve the Difference there is in the Note, 

B b 2 viz. 
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viz. that it is now much lower, or more grave as tfcet 
call it ; and this Variation, with refpefl: to grave and acute, 
depends, as I faid, on the different lime of the Vibrations 
of the String ; for you mud know, that the Vibration* 
of a String are analogous to thofe of a Pendulum, and 
are all performed in equal Times, while the String con- 
tinues in the fame Circumltances : But the Times of the 
Vibration of the String will be varied according to in 
Size, Length, or Ttnjion. Thus for Iiluftration, luppofe 
two Strings of equal Lengths, and ftretched with equal 
Weights, but the Quantity of Matter in one jnft 
double that of the other, then the Time of one Vibra- 
tion of the large ft will be juft double to the Time of 
a Vibration of the Lefl'er, and the Note or Tone wil! 
be twice as low> or more grave, in the firft than in the 
laft. 

Etifbrof This I readily apprehend, from the Ex* 
peri men t ; for fir iking the two Strings futxeflivcly, I 
find that which has the leaft Diameter has a Note or Tone 
higher than the other, by what is called an Oflam: 
— — But now I have mentioned that Term, I flioulrttc 
glnd if you' would give me fome hint cf the Etymology 
of it. 

CUqh. By the word Oi'favt, the Muficians dencts 
fuch an Interval in the Tone of mufical Sounds as 
contain ail the feven natural Notes of Mufic, as they 
arc called, and which are employed as the Materials 
of all haimonivMl Competitions: And the lev eml Inter- 
vals of thefe Notes, you know, are included bctwua 
the two Extreii.es cf the hirjl and the Eigi:h y \\ hich wfcr:c 
Interval of muEcal Notes is therefore called an 0> 
tavc. 

Enphrof. The practical Part of your Dcclrlne I kneir 
v r ry wcli ; for on my rlaipf:chord 9 when I ilrike lit 
Key C, it ia what my Mailer has tnught me to c;.!l the 
CIj^! > ( r AVy A1/ir, in reference to which others a'xvc 
and bel-w l»;.ve oiflerent Denominations, accc:oip^ ss 
they are higher or lower. Thus the fix iV:Iov:ing ^ ^ 
above D, i' , /, C\ A, i\ and thole b.-l»'v the O ■■ * 
ase of the k:re r.ar.ie in a contrary lVn tic n j foil." 1 , 
what is called an Cv.'/v^v, i find, is the Extent cf the'e 
fevvn Notes, taken either "Wi.y> upon the Keys o! ti'-' 
Harpfichord ; and as the Stiings belonging to tlv:-5 

difititr. 
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different Keys have different Notes or Sounds, I prcfume 
you will next explain to me the Reafon why thefe are 
made choice of, in Preference to any other which are 
^contained in the fame Interval, or OElavc 

CUon. I fhall give you the Reafon of that by-and-by ; 
Bat I mud now proceed with the Rationale of the grand 
Interval or Oclave ; for, as I told you, this Interval in 
fhe'Sound of Bodies is procured in Strings three different 
" Ways ; the firft of which is, the Experiment under 
ConOderation : You fee, by this, the Notes are in Pro- 
portion to the Quantity of Matter inverfely, fo that a 
String twice as big as another will have a Note twice as 

low, all Things elfe being equal: But the fame 

Difference in the Tone or Sound of Strings (that arc 
among themtelves of equal Weight and Length) is pro- 
cured from a different Degree of Tension \ for if two 
equal Strings be placed near each other, as you fee here 
■011 this mufical Board, (or Tommac^ as it m:*y be called) 
and then ftretciied with equal Weights at the End, there 

will be no Difference in their Tone For lnitar.ee, 

you fee, 1 hang a Pouud Weight to each, now itrike 
them with your Quill. 

Eupkrof. I do, and find the Tone or Tune of 

<ach String exactly the fame, or Umjbn. But now, 

pray, how much Weight malt you add to one of them 
to make the Difference, or Ofiavr, as before? 

CUon. Here you mult know, the Mathematicians 
have found by the Rules of their anal) tic Art, that the 
Tones or Tunes of Strings are higher in Proportion to the 
Square Roots of the Weight*, or Forces by which 
they are ftrctched ; fo that if 1 would raifc the Notes 
of one of theie Strings, an Octave :-bove the other, or 
to make it found a Note twice as hi^h, or more acute, 
then it mult be Wretched with a four Pound Weight 
(becaufe twice two is four), and this you fee will be 
verified by Experiment; for to the one Pound which 
new gives it a lone equal to the other, 1 will add three 

Founds more, which I have dene : Now itrike them 

as before. 

Eupbrof. Well, this is a xpry cii'ious Experiment 

truly : The Difference in their Tone is accurately 

an UJfrrjc. Erum thi> Experiment 1 fee the llcaibn 
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ot tuning the Harp fi chord f by ft retch ing their Strttigf 
more, or lefs, to raife their Notes higher, or tawer, bf 
turning the iron Pegs with my Hammer till I have pro- 
duced the Note deft red j for as the Tone of a String de- 
pends on the Degree of its Ttnjhn % the Manner in which 
we ttrctch the String will make no Altejarion :■ — 

But, according to this Do&rinc, bj T hanging on 

didiTem Weights, to the fame Suing, you could produce 
el! the different Notes contained in the (J£f$u*~ 

CUsn* Yes, with Eafe , for Weights ad jutted and 
determined by the above Rule, being appended at ibc 
Ends of feren equal Strings, will produce you an Ofltvt 
of the feven natural Notes of Mufic. Thus fof In* 
ftmce ; If eight equal Strings are ftretched by Weight* 
which are in Proportion to the following Numbers 
which may be confident as Ounces, viz, 6o> 75* 9*» 
1 06, 135, 166, no* 240, then will their Notcj of 
Tones be tbofe required, for conftituting a mimical 
Qfifapt."* * » — But there is yet another, or third Method* 
by which the fame difference is produced in the Sound* 
Of Strings, and that is, the Difference of their Length** 
for two firings, in all other Refpects equal, having their 
Lengths as z to i, will have their Notes imerft-ly, oral 
j to a, that is, the Note of the fboitcft String will be 
twice as high as that of the longeft.— — This i have like- 
wife provided you an Experiment to prove ; for of the two 
Strings which before were ftretched with equal Weights*, 
viz. a Pound each, one of them (till continues the, 
fame 5 but the other I have made of half the Length, 
by putting a Bridge under the middle Point of the String, 
to (top the Vibrations, or confine them to half the. 
Length : and now, though the Strings are ftretched wiuY 
equal Weight, and are of equal Magnitude, yet, upon 
itriking them, you will find they emit very different 
bounds. Try the Experiment. . 

Euphrof* I will: And as in the two formed 

Cafes, fo in this, there refuks the Difference of an 
Oftavi precifely in their Sounds.— Since thts is the 
Cafe, I readily conceive that all the natural Notes of 
the Oftavt may be produced by proper Lengths of Strings 
between thefe two, which Lengths, I fuppofe, are no* 
difficult to beafligncd by the mathematical ftluGcian. 
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Cleon. Nothing is more eafy ; for which Purpofe, 
it is cuftomary to divide the Length of the longeft String 
jnto 100, or ioco equal Parts, which, you fee', is herd 
done upon the board, or Tonometer ; This Line fo divided 
is called the Monochord, or Ba/e Note to the reft of 
the Oclave, or the Key, with Regard to any particular 

Ait or Species of MuGc. Sow, by the Rules of 

fivifical Arithmetic and Geometry, the Numbers, orDivifions 
of this Line, are eaGly afiigned for giving the Lengths of 
the Strings to found the feven Notes above the Bafs ; 
and by placing the Bridge again ft thofe Numbers, this 
other String may receive all thofe various Lengths, and 
will accordingly emit the feveral mufical Sounds required ; 
thofe Numbers are as follow, v/z. 500, 533, 600, 666, 
750, 8oo, 888, icoo; fo that, for . Example, if I 
'flop the String with the Bridge placed againft 500, it 
|(ives but half the Length of the Monochord, and founds 

?n Qttave above it, as you have hearcl. — If I place 

tlie Bridge* againft 533, it gives the Note which the 

MuGcians call the' Seventh Greater: If the Bridge 

be removed and placed againft 60c, it* increafed Length 
will give the Note called the Sixth Greater : — If flopped 
againft the Number 666, it gives the fifth Note, or 

JDiapente, as thp MuGqans call it: By placing the 

Stop a£ai nit 750, you have the DiateJ/a'cn 9 or joutb 

Note above the Key By flopping the String at 

800, you have that remarkable Concord called the Third 

Note above the Bafe : and, laftly, by placing the 

Bridge againft 888, you have the Note called the Second 
Greater ; the Key Note being the whole ioco: And thus, 
you fee, all the fe'ven natural Notes on the fame String 
are produced by flopping at thofe mufical DiviGons of the 
Monochord. 

Euphrof. Indeed, this has given me a more clear and 
diftinft Idea of this famoui mufical DiviGon, the Oclave 9 
than ever I had before : But there is one thing I obierve 
in your Expreflion of thefc Notes, which naturally 
excites the following Query, Whether the Seventh 
Greater^ the Six;h Greattr, Fourth, Third, and Second 
Greater, do not imply that the fame Notes may be 
g!fo Lejfer? 

. • B b 4 Cleor.. 
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Clean. Yes ; that you will conclude of Courfe ; for, 
in the mufical Oftave % thofe Notes mentioned may be 
made higher or lower, by half a Note ; that is, with 
Regard to the Bafs Note, the third Note above, for In- 
fbmce, may be made a' little higher or lower, according 
as the Air of the Mufic requires : The Higher is 

called the Greater^ and the Lower is called the Ltffcr : 
But you will better know and diftinguilh thefe Differences 
by other Names that you have been more ufed to, viz. 
Flats and Sharps ; for a flat Third is a Third Lefler, 
and is the very fame with the Sharp Second, or Second 
Greater : Thus alfo the Flat Sixth is the Sixth Lefler, 
but it is nothing more than the fifth Note made half a 
Note higher or (harper : But the fame fifth Note made 
half a Note lower, or flatter, becomes the Fourth Greater, 
and fo of the reft. Hence it is that in any mufical 
Compofitions thofe Notes may be adapted to the Nature 
of the Harmony, or Species of Mufic * Thus, for Ex- 
ample, in all grave and folenin Airs, the lowed and 
deeped Notes of Inftruments are generally ufed ; but 
in briik and lively Strains the higher Keys on the Harp- 
fichord are moftfy employed. If the Air be of the 
mournful, or elegiac Kind, thofe Notes are lowered, ar.d 
the Mufic i:i laid to be compofed in a Flat Key : Hut in 
Odes and Sonr ; -s, whofe Subjects are Love, Mirth, Joy, 
We. then the A'lufician in a Sharp Key tunes all the fetiin^s 
to their higheft Notes, and rendu s, by that Means, the 
Harmony as chearful as poflible. 

Knplrof. You arc now within the Compafs of my 
Cumprehcnfion, I underfiand all you have (aid wkh relpecl 
to Flats and Sharps : By thole half No:es, I oblerve, 
you mean thfoe five lecoiidary Keys that lie between the 
common Keys of the Spinet, with their black and white 
Surfaces, by which we render any of the natural Notes, 
or Keys, betwen which they are placed, flatter or 
iharper, at Picafure ; to that thefe five being added to 
the other eight, make tint teen half Notes in the OjIjh 
inclofive. 

C-cm. This Variety of Notes in the flat and fhnrp 
Keys maicc the common Gamut, or Diat.nu Scale of 
Mujk\ and feveral of thefe repeated arc contained within 
the Ccmpafc of many Inftruments, viz. the fcpinrt, 
Harpiichord, Lyrichcrd, Organ, &c. 
; ■ Eut-bnf. 
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Euphrof. Of thefe Notes, the OSlave^ Fifth, and Third 
arc a Sort of governing ones, or have the principal Regard 
in every Compofition : Pray, on what Account are they 
intitled to this Pre-eminence ? 

CLon. On account of their being the mod perfect 
Concords in the Scale, i. e their Sounds, fucceeding 
the 0&ave y have a more agreeable Effect upon the liar 
than the Sounds of other Strings: The natural Reafon 
of which is owing to the Frequency of the Coincidences 
of their Vibrations ; to make which Doctrine as plain as 
poflible, I mud obferve to you what I before mentioned, 
viz. That the Tur.e of a String depends upon the 
Time of its Vibration ; therefore, the ihorter the Time 
of the Vibration, the higher the Note will be; and in 
Vibrations that are performed in different Times, there 
will, at certain Intervals, be a Coincidence of thofe 
Vibrations in all of the mufic^l Kind: Thus, for In- 
ftance, if two Strings vibrate in equal Times, then the 
Vibration of one muft conihntly coincide with that of 
the other, and they produce a Monotone, or Unison, 
in which there is no Variety; and confequently two 
fuch Strings can make no Harmony. But if we confider 
that String which is called an Oclove, as its Tone is 
twice as high as that of the Key-note, fo its Vibrations 
are twice as quick ; and consequently there will be 
a Coincidence of Vibrations at every fecond Vibration 
of the Qtlave^ or every fingle Vibration of the Mono- 
chord. Now, as this Inteival is the flv-riclt that can he 
between any two Strings in the fame O.Uave^ therefore, 
the trTccl of fuch Coincidence will produce the molt 
agreeable Concordance of Sound, or (in other Words) 
will conftitutethe mo'l perfect Concord in mufical Sounds. 
— — -Agwin, the Fifth Note being founded from the 
String whole Length is two-thirds of that of the Mono- 
chord will vibrate three times while the Monochord 
'vibrates twice \ fo th-it there will be a Coincidence of 
Vibrations at every Second of the latter, which Interval, 
being twice as great as the former, is ):ot fo perfect a 
Concord as the Otiave, but is yet next to it in its agree- 
able Effect and Perfection of Harmony : 1 inn 1! \vc 

ConGder the Fourth N'>tt, the String which founds i: is 
three- fourths of the Length of the Monochord, an-.i 

therefore 
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therefore will vibrate four times to every three Vibrations 
of the latter ; therefore the Interval of Coincidence 
will be now three times as long as in the Oflave, and 
confquentiy will, in Comparifon of that, be a mucfaf 
iefs perfedt Concord : But when we confidcr the 

Length of the String that founds the Thirds we find it 
in Proportion to the Monochord, as 8 to io, or as 4 to' 
5, and the Interval of Coincidence of courfe will be at 
every fourth Vibration of the Monochord, and therefore, 
in itfelf confidered, not fo perfect a Concord as the 
fourth » yet its Effect is found, in mufical Compofitions 
with other Concords, much more agreeable than that of 
the fourth Note, and therefore is efteemed by Muficians 
as the third mufical Concord. This is the general Prin- 
ciple or Ground of Concord ; thofe Notes being reckoned 
Difcords whofe Pulfes, or Vibrations, rarely coincide 
with thofe of the Monochord^ as thereby they produce a 
more diflbnant and Iefs agreeable Sound. 

Euphrof. As the Tones of Sounds depend on the times 
of the Vibrations, I fhould be glad if my'Cuiiofity could 
be Satisfied with regard to the greateft hxtent of Note, or 
Sound, which Bodies are capable of emitting, or which 
the Ear can well bear. : • 

C/c:n. An Anfwer to this Qneftion requires more 
Experience in mufical Sounds than I can pretend to : 
But a certain Gentleman abroad, Mr. Sauveur, has 
made great Numbers of Experiments on the Vibration of 
mufical Strings, and coilfequently of mufical Sounds ; 
has found that fuch Sounds as can be heard diftinftly and 
with Pleafure, and in whofe Tone a Difference can be 
clearly peiceived by the Ear, lie within the Compafs 
of ten Oftaves \ and if we include the lowcft harmonic 
Sounds, on the one Hand, that can be heard, and the 
highefl that the human Ear can bear, on the other,' 
they will all be contained within the Limits of twelve 
OSJaves : and if this be the Cafe, it follows, that the 
Body which gives the fhrillcft Sound that the Ear can 
bear, makes 4096 Vibrations in the time that one Vi- 
bration is performed by that Body that gives the graved 
harmonic Sound, and that I2t of thefe Vibrations are 
performed in one Second ; therefore the Vibrations of 
thue fhrillcft; founding Body will be 51 100 in the fame* 

time 4 
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time ; fo great arc the Motions of the Parts of Bodies 
produced in exciting fuch very quick Vibrations, 

Euphrof. As this is the Cafe, 1 do not wonder at art 
EfTed which I have often heard of, that is, the breaking 
of a Drinking-glafs by ringing of it, or raifing its 
Tone higher and higher; for, by this Means, having 
its Pans put into fuch a violent vibrating Motion, it 
is no Wonder if they are (haken in hinder, and fly into 
Pieces. 

C'eon. I could very eafily (hew you this Experiment, 
but do not think it fafe, the Note being at laft fo exceeding 
ill rill and acute, that I fear it might have a bad tfic& 
on the Drum of your Ear, as it is but too well known 
that many People have been hurt by fuch Kind of Sounds. 
■ However I (hall fubftitute a very innocent one 
in its (lead, which will fufficiently fliow the prodigious 
Degree of Vibrations, and the vafl Extent of Tone 

the Subftance of Glafs is capable of. You fee here 

a very large Glafs, of a Bell-form, previded for the 

Purpofe, into which 1 pour Water to fill X Part : 

Then, dipping my Finger in the Water, 1 gently pafs it 
round the Rim of the Glafs, and thereby excite, firft, 
a very pleafant grave and mufical Sound ; but, as the 
circular Motion of my Finger continues, the Vibrations 
of the Glafs are increafeci, which becomes extremely 
fenfible both to the Ear and to the Eye : for you hear the 
Tone ftill more and more intenfe and acute, and you fee 
its prodigious EtTctt on the contained Water, in which 
it firft produces Undulations, then very quick Gyrations; 
at length, there appears fuch an Agitation as may be 
compared to a Kind of Hurricane, throwing with the 
utmoft Violence, the Pjrticles of Water into the Atmof- 
phcre all around, and to a great Height above the Glafs: 

and Hill might we raife this artificial Ttmptjl to a 

greater Height, but that I fee the Tone of the Glafs 
has a greater Effc£t upon you already than you can well 
bear. 

Euphrof. Indeed, I cannot help fluinking, as it were, 
from it i but am pleated to fee the wonderful EfTeft it has 
in the Body of Water, in thefe turbulent Emotions which 
it occalions, fuch as we could fcarce have fuppofed, or 
believed, if they had not been evinced by Experiment: — 
;* • - % But 

8 
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But I (hall trouble you no longer, at prefect, as you pro* 
pofe, at our next Meeting, to explain the Rat una U of the 
general Part of mufical Inftruments. 



DIALOGUE VIII. 

The Rationale of different Kinds of Musical 
Instruments, conftdered. 

Euphrofyne. 

I Have pleafed myfelf with the ProfpetS of the prefent 
Opportunity of being inflrucled in the Nature, Con- 
ftruction, and Rationale of mufical Inftruments j which 
you informed me was to be the Subject of our Conver- 
sation at this Time. You have always known my 
Diipofnion is fuch, as to be equally inquifitive after 
the Rtiifn, as well as the Pra5tce of every Art I 
delight in ; as I have always looked on it as an Argu- 
ment of Indelicacy, and want of Tatle, in thofe who 
arc wholly occupied in learning the mechanical or 
practical Part oi an Art, with a • lew to fenfual Enter- 
tainment only, without regarding the fublimer Pieafurcs 
that arife to the Mind fioni a Contemplation oi the 
Principles which conilitute the Theory, or Realbn of 
the lame. 

LL-jn, I was ever glad to ice fuch a Turn of Genius 
in you, and every one elfe: Though, as I have hinted 
to you bjioie, the Principles, o.- Theory ct Mufic aie 
not euiie id obvious as thole of any other Sciences \ yet, 
as they princin illy co-.iliit in the Dedrine of Vibrations 
of the couiticuent Parts of i.'odies, if this were well 
intended to, and properly explained and illuftrated by 
Experiment, you yourfelf ;re a Proof, my Etrircjxvc, 
that they fall within the Ccnv/H then. 'ion and Csracitv of 
the F.dr-fc\ ; and hew deliglufal, as wcil as graceful, is 
it both in common and facred Ivin!:.*, to fee and hear a 
Gentleman or Lady not only play with their Hands, and 
fnr; wii'h their Voice, but with their Understanding and 
Judgment alfo ? 
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Enphrof. I have great Ambition to excel in both, as 

far as I am able : 1 pretty clearly underftand what 

you have hitherto faid in regard to the vibrating Parts of 

Uodies : That Sounds in general are occafioned by 

the Pulfes of Air produced by thofe Vibrations : 

That mufical Sounds in particular are l'uch as have a 

delightful and melodious Effect upon the Ear : 

That Concords and Difcords proceed from a greater or 
lcfs Frequency of the Coincidence of thofe Vibrations 
in founding Bodies : — From thefe Principles I can eafily 
infer, that all Kinds of ftringed Inftruments, as alio 
Glaffes, Bells, and other fonorous Bodies, are capable of 
emitting harmonious Sounds ; and of Courfc, by the 
Rules of Art, may be formed into mufical Inftruments : 
But how, and in what Manner this is done, I cannoc 
pretend as yet to have fo clear an Idea of, and there- 
fore (hall beg your Afiiftancc in thefe Points of Informa- 
tion. 

Cleon. With refpeft to fl ringed Inftruments in general, 
'the Principle of their Conftruclion is this, that as they 
confift. of feveral Diapasons, or Octaves, fo they 
afford three different Degrees of mufical Notes, the 
Treble, Tenor, and Bafe ; the firft of which contains the 
Notes of the high eft and moft acute Sounds ; the Second, 
or Tenor, thofe of a mean Degree of Sound ; and the 
laft, or Bafe, thofe of the loweft or graved Ortlcr. And, 
acco r ding to the Form and Extent of the Inftrument, 
the Strings which compofe the feveral Ofiavcs are modu- 
lated and fitted to emit their proper Notes, or Sounds, 
by one or other of the three Ways that I mentioned to 
you in the Lift Conference ; for, as I then (hewed you 
by Experiment, the Inftrument-maker has it in his 
Power to produce any given Note in a Siring in any of 
thofe Ways, as Occafion or Necefliy requires ; or he 
can raife or lower the Note by a fma'ler or a larger 

String of the fame Length: By a fhorter or longer 

String of equal Size : And, laftly, by giving a 

different Degree of Tenfion to one and the fame String : 
And thus in all the Inftruments where the Strings are to 
be of a fixed and determinate Length, as in the Dulcimer* 
Spinet, Harpfi;hord % the Lyre, the Lyriikcrd, &V. the 
Strings of the various Oftaves are always adjufted and 
tuned in this Manner. 

Eu^brof. 
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Euphrof. This I apprehend pretty eafily, with regard 
to the Inftruments that I have every l)ay before my Eyc»i 
in thefe, as the Oflaves and Strings in each arc of a given 
Length, or invariable, if they are once put in Tune, a 
Perfon has nothing to do but to get the fingering Part, 
and he mult necefiarily play the Tune by ftrikmg the Kejs 
proper to the Notes 0/ the Mufic : But this feems to me, 
though a very fine Species of pra&ical Mufic, the nioft 
mechanical of any. 

' CUon. It is fo, to be Aire ; fince it is poffible for a 
Perfon, without any Ear or Genius for Mufic at all, 
to learn to play on ihofe Sorts of Inftruments, after a 
Manner: But mechanical as they are, no fine Mufic can 
be produced from them but <by a curious Hand and ju- 
dicious Ear. However, it mud be coniefled, that other 
Sorts of ftringed Infttuments are, in their own Nature, 
of a more curious and artful Conftru&ion, and of a more 
univerfal Nature. 

Evphrjjf. I fuppofe you mean, by tbefe, all that 
Clafs of Inftruments comprehended under the general 
Names of Violins, Harps, &c. I cannot fay there if 
much of a Wonder in producing fuch a Variety of 
Notes from a Harpfi chord, where there are fuch a Number 
of Strings ; but I have oftentimes very much wondered 
how they produce fuch a Variety of Notes, and play an 
Infinity of Tunes, on an Inftrument of fo few Strings as 
that of a Violin, for Inftance. 

Clcon* The Wonder here will foon ceafe if you con- 
fider, that an infinite Variety of Notes may be produced 
from a fingle String ; for it affords as many different 
Notes as Toints in which you can flop it : Thus, for 
Inftance, if you flop it in the middle Point, you hive 
a Note which is an Odlave above that which is produced 
by the String at its whole Length : If you divide the 
remaining Part into two equal Paits, or flop that in the 
middle Point, then, ft r iking that 4th Pait with the Bow, 
it will emit a Sound which is a double Octave, or fix teen 
Notes above the Bafe Note, or that of the whole String: 
This 4th Part beiug again divided or flopped in the 
Middle, produces a 3d Octave of Notes; and fuppofing 
another String of a different Size added to this, you 
have, by (lopping that in the like Manner, other O&aves 

pro- 
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produced, all differing from the former ; and fo of a 
third and fourth String : And therefore, in the Violin 
of four Strings, a ikilful Mufician may extend his 
Scale of Mufic to 8 or 12 Octaves, or even farther if 
there was Occafion, by properly flopping the Strings : 
But in this Cafe, there mud be Velocity and Judgment 
at the Finger's End, fuch as is required for perfoiming 
all the different Kinds of Mufic. The former of which 
is attainable only by Practice, and the latter by the 
Affiftance of a good Ear, naturally conflrucled lor a 
nice Difcernment of mufical Sounds. On thefe Inflru- 
nients, Nature is the fole Miftrefs in the School of 
Mufic ; and it is furprifmg, to find what Proficiency 
fome'Pupils have been fcen^ to make in this fecmingly 
difficult Part of the Art : But it is in Mufic as in Poetry ; 
if Nature dictates, her LefTons are very plain and eaf y f 
and give us no trouble either in learning or pra&ifing. 
The Poet writes Verfes, perhaps, more naturally and 
degantly than he can talk in Profe ; and the Mufician 
plays the moft difficult Pieces with fo much Eafe, as if 
they had acquired this Knowledge before they came into 
the World, according to the ancient Do&rine of 7'ranf- 
hiigration of Souls. 

Euphrof. All you obferve, I think, is very juft, and 
it gives me a clear Idea how an Inilrumcnt of a fmall 
Number of Strings might be of an unlimited Extent in 
Mufic, while one of a much greater Number is perfectly 
confined : But, pray, Cieonuus y can you folve me one 
"Query on this Head, viz. how it is poffible to produce 
all the natural Notes in a mufical Octave by one Stroke 
of the Bow, and the fame Length of the String; for this 
I actually faw and heard from a very fkilful Mufician the 
other Day ? 

Cltm. I have likewife feen and heard the fame Thing ; 
it is a Paradox in Mufic, I allow, and has been ftrongly 
denied by many who have not been convinced by the 
Fact : It is true, the three Principles, viz. the Length, 
Tenfion, and Diameter of the Strings, are thofe which 
in general caufe any Variation in the Notes of founding 
Bodies ; but, from this and many other Experiments, it is 
very certain there are other lefs evident Caufes which 
concur in producing that Effect, fuch as the greater or 

lfiffcr 
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lefler Degree of Preffure on the String, in the Motion of 
the Bow over it ; alfo, the Diftance from the End of the 
String, at which it is touched ; as likewife, the greater or 
lefs fteflure of the String by the Finger ; and feme other 
Circumftanccs may enable a Perfon, with a goad muGcal 
Ear, to vary the Sound of the String in the Manner be- 
fore mentioned. 

Euphrof. You obferved to me, in fpeaking of the 
Harpfichord, that the O&ave there was limited to 
thirteen mufical Notes, incluGve ; but in this free and 
unconfined Inftrumenr, the Violin, I prefume, the 
Mufician has a larger Scope, and may be more cri- 
tically nice in the Divifion, or Choice of his Notes, 
and thereby render his Mufic more refined and harmo- 
nious. 

Clion. What you obferve is very juft ; but for this 
Purpofe, a Man mud have a very nice and critical Ear: 
For, when you go beyond the common Flats and Sharps, 
it will not be eafy for an ordinary Practitioner to know 
where or how to (lop in Tune, or to make them more or 
lefs flat or (harp than he has been taught by the common 
Gamut, or Scale of Mufic. Your great Performers, 
and Matters in this Science, extend their Scale to thirty- 
two Notes, inclufive, by raifing, or deprcfling each of 
the natural Notes to fuch a Degree as only their Judgment 
and natural Skill can direct ; and, in this Reinedt, can 
even tranfeend the mufical Proportions of Geometry it- 
fclf. Thcfe flringed Inftruments, therefore, properly 
fretted or flopped, are capable of all the Variety that cjii 
be produced in the Science of Mufic and Harmony. 

Euphrof. You feem to be more than commonly pleafei 
with the Structure of the Lyrichord, as I have often 
obferved from the Manner in which you make mention 
of that Inftrument •, and, by what I have feen of it, it 
fecms more perfect in its Nature than any common Harp- 
fichord : Pray, what are the Peculiarities of this mufical 
Cor.flruttion ? 

Cuen. It partakes of the Nature of the Harp and 
the Violin, and is poflefled of the principal Properties of 
both, and, at the fame Time, exempt in a great Meafure 
from the Imperfections of either : It has, indeed, a cer- 
tain or determinate Number of Strings, with Keys 

proper 
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proper to each, like the Harpfichord ; but, as you obferve, 
thofe Strings are not (truck by Quills in the Jacks, but 
are brought down to the Surface* of fmall Wheels, 
which move with great Velocity under them, and by 
this Means they are fufceptiblc of a Stroke from the 
Wheels, in the fame Manner as the Strings of a Violin 
are from a Bow, and therefore may, in a like Manner, 
bave the Note produced, or contracted, as the Nature of 
Mufic requires: Whereas, in the Spinet, or Harpfichord, 
the Notes are but of a momentary Duration, being 
flopped by the Cloth on the Jacks as foon as they are 
excited.— — By this Opportunity of extending, or 
fwclling out the Note, they make the Harmony more 
full or fonorous, not altogether unlike thofe noble and 
high founding Notes of the Organ itfelf.— But even 
in this Inftrument, unlefs it be iurniftied with fplit Keys, 
*s tbey are called, you are ftill confined to the imperfect 
and fcanty Divifions of the common Gamut. 

Exphref. But there feems to me an Apparatus in this 
Inftrument which 1 have never obfenrcd in any other, 
and that is of a great Number of Leaden- weights, very 
curioufly and artificially difpofed in the Fore-part of thp 
Inftrument, which 1 am informed, is for keeping the 

Strings conftamly in Tune :— What have you to fay 

in regard to this Contrivance, CUonUus f 

CU$n. I think it a very curious and philofophical 
one ; for, by Means of the large Weights, the Strings of 
each, refpe&ively, have their due Degrees of Teniion, 
proper to the Places they hold in each O&ave : And by 
the Screws in the Mechanifm for moving the lefler 
Weights, the Tone of each String is adjufted to the 
nicelt Ear ; and when the Strings of the Lyrichord are 
once put in Tune, they mull necefiarily continue fo, 
as the fame Weight, always a&ing uniformly, mult 
produce the fame Degree of Tenfion : This in a given 
String muft always produce the fame Note, and is the 
moft excellent Property of this new conftrufted Inftru- 
ment, and auite peculiar to itfelf Though this 

'Invention might, without much Trouble or Expence, 
with a little Alteration, be applied to the Harpfichord 
and Spinet, and thereby prevent the very frequent 
Trouble and Expence of tuning thofe Inftruments. 

Vol. 11. C c £ufhr$f. 
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Euphrof. I could wilh with all my Heart, this was 
once done ; for as I am not likely to be Miftreb of a 
Lyrichord very Coon, I (hould be glad if that Inftrument 
which I have could be contrived to be kept in Tunc, 
without fuch a frequent and neceffary Re&ihcation : But 
pray, CUonicus, in what Method would you propofe this 
to be done ? *Jj 

CUon. Were I a mufical Inft rumen t-maker, my ' 
Euphrofynii 1 ihould attempt it in the Harpfichord in the 
following Manner : — — You know that die Tone 
of a String varies with the Quantity of the Weight by 
which it is ftretched ; therefore any Contrivance that 
would increafe, or diminifh the Weight hanging to the 
End of the String, in any fmall Degree, would be fuf- 
ficient for keeping that String to itsrequifzte Tone. Now 
it is well known thnt a Weight lying upon an inclined 
Plane will have its Force increafed, or remitted, in Pro- 
portion as the Plain is lefs or more inclined ; and there- 
fore, if on the back Part of the Spinet, or Harpfichord, 
proper Weights were appended to the Strings, and tbefe 
Weights fupported on inclined Planes, on which they 
might freely move, thofe Planes by a Single Screw in 
each might be elevated, or deprcfled to fuch a Degree, 
as that the Strings (hould be all of them exaftly tuned, 

and of Courfe they mult fo remain. Thus, one 

iet of Weights would be fufHcient to anfwer this Pur- 
pofe ; and the Application lefs cumberfomeand expenfive 
than in the Lyrichord*. 

Euphrof. Well, I find I muft he content with my 
Jlarpficherd as it is, fincc ic is likely that this Alteration 
will not very foon take Place: — Hut, pray, what new 
Species of Glafs-muiic is that which of late has been 
trie Subject of lb much Difcourfe and Enquiry amount 
the mulicul Virtuoii r 



; * In order to accommodate our muiic3l Readers wiih a 
iMnt of this moil curious Inilrument, wc fliallhere infert that 
which we formerly gave in the mifcellaneous Part of the 
Magazine j a* few of our Readers will have an Opportunity 
of Iceing the Inilrument itfelf, tlu-y may derive, from a 
bare [nfpedlion of this, a fufiicicnt Idea or its Nature and 
Conftruttion, which we hope will provs no fmall Gnt:&- 
cat on. 
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j Qhh. Why, truly, my Euphrofym, it is in this a* - 
in mod other Cafes, that new. Things mak'e a very great 
Noife v and are generally conceived in a magnificent idea 
at a diftant View: but, ppon a nearer Approach, and 
nicer Infpe&ion, they are feldom found to anfwer our 
preconceived Notions of them : I belkwe, many People 
think this to be the .Cafe of our new vitrtms MujU. — — 
But why do you afk my Opinion of it, when it cannot 
be fuppofed but you vturfelf are & proper Judge, as you 
have both heard and feen it ? 

. Eupbrtf. I was willing tor know your Sentiments 
before I difcovered my own : I oonfefs, with refped to 
myfelf, it is as yeu fay, the Ftfmc of it feems to exceed 
its Merit * for the Performance, at which I was prefent* 
the firft Time, fell greatly fhort of my Expe&ation ; a 
Second, anfwered better : But, pray, CUonicutj why 
was Water ufed in fome of thofe Glaffes, and others were 
played on without any ? 

Cleon. The Glafles will have their Tones altered, oir 
varied, different Ways, fuch as make the Vibrations ot 
a different Duration : for, as I obferved to you before* 
the larger Glafs has the flowed Vibration, and confe- 
fluently the graved Note $ and therefore, in any Glafs, 
if you can lefl'en the Bulk of its founding, or vibrating 
Part, you will thereby raife its Note to the required 
Pitch: And this may be done two different Ways 5 the 
firft is by putting Water into the Glafs, which will 
leflen the Dimenfions of the fonorous Part ; for the 
Vibrations will extend no farther than to the Water* 
where they will entirely ceafe, and therefore, by putting 
more or lefs Water into any Glafs, the Vibrations will 
be rendered of a longer or fhorter Duration, and thereby 
the Glafs may be tuned to any Note required.— —The 
fecond Way is, by grinding the Glafs on the Edge till 
you have fufiicieptly leflened its Quantity, to produce the 
Note defigned ; and this is the fame Method, in EfFe&» 
they take for tuning Bells, by turning off fo much from 
the Rim, or Surface, as is neceflary for that Purpofc. 
And. in each of thefe Ways the Glaffes are rendered truly 
muGcal, or harmonious. 

Euphrcf. One of thofe Performers, I obferved, bad 

all his Glaffes Sanding fingly before him, fixed down 

C c 2 to 
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to a Board : Another bad them placed romxf a 

eommon A»9, one within ariothcr, in the Manner at 
Bells are placed about a common Axis for the Chimes of 
k Clock*— — — The laft of thefe Methods ia» in my 
Ojrfniqtf, much preferable to the former * Btot tboogh 
I think the Notes from Glafs much fweeter and finer 
thaw thofe from a String, yet is the M dGc hfctf of a 
much inferior Nature, ae confifGng only of plain Notes, 
without admitting of any Shakes, Or other Grace*, which 
all common Instruments are capable of: Betides, tins 
Sort of Mufic feems confined to very flow Time, as a 
temporary Stroking, rather than a momentary touching 
the Glafs, is here necefiary, and therefore nothing of 
lhat Agilhy in fingering can here be expe£ted, which 
fo greatly diftinguiflics the Performer* on other Inftru- 
tnents. 

Cieon. All that you have now obfenred are certainly 
Fadts, that will render this Mufic of no great Confe* 
4|uence among the greateft Geniufes of thi» Sort : It is 
shore accommodated to Melody, or vocal Mufic, than 
to that of common Concerts :■ for as the Notes of 
Glafs are foft and flowing, thev are over-powered and 
abforbed by the ftronger and higher Notes of other 
Inftrumcnts. It is, however, a diftin£t Sort of real 
Mufic, which is more than can be faid of the ^Eoliak 
Harp, whofe Notes obferve no mufical Proportion of 
Sound, though ihey are all of them, from the bigheft 
to the lowed, mod exquifitely pleafing, or rather ravifh- 
ing to the Ear. 

Euphrof. I know "this by frequent Experience ; for 
the Harp which I have, and often* apply under the Safli 
of my Window, fills me, as it were, with the Senfation 
of celeftiaf Sounds and Harmony : > — And it is 
amazing to find how the Notes will fuccefiively arife 
from nothing, fwell to the moft exalted Tones, and then 
gradually die away •— — They feem foraetimes very 
near at Hand ; at others, you hear them, as it were, 
from the remoteft Diftance.- * And I have oftentimes 

obferved that, from a different Number of Things in the 
Harp, the fame wonderful Variety of Sounds will arife.— 
And, farthcrmore, whether all thofe Strings are in 
tJnifon, or tuned to the various Notes of an Odave, 
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110 fenfible Difference will arife in the Sounds which are 
produced from the Strokes which are made by theiuvifible 
Hand of Nature, 

Clcon. What you fay, my Euphrofyne^ I have often 
experienced the Truth of myfelf.— — And from thefe 
and fuch like Phenomena, it evidently appears to me, 
that we are not yet fully .acquainted with the Philoso- 
phy of Sounds, efpecially tfcofe of a mufical Sort; 
and that they have many other Caufes concurring to 
produce" and vary them, be fides the three mathematical 
Quantities, viz. Diameter, Length, and Te»Jf<n f of 
Strings. As a farther Proof of this, I fliall enter- 
tain you with one Experiment more to (hew how, and in 
what a furprtzing Manner, nmfical Strings are afFeded 
by each other's Vibrations : To which End, I have 
here provided you with a founding Box, and two Strings 
of equal Size and Length on the Top of it : If one of 
thefe, which I (hall call A, be drained to any particular 
Degree, and then we begin to ftretch the other, which 
I call B, (and is placed very near to A) then will the 
String A be quiefcent, or at reft, under all Degrees of 
Tenfion in the String B when it is ftruck with a Quill, 
excepting that only which is the fame with its own, and 
in that Cafe the String A will begin and continue to 
vibrate equally with the String B. 7 he two Strings 
therefore, as *fcey have equal Degrees of Motion, will 
produce an Equality of Sound when equally (truck with 
a Quill : Aftd* hence we fee the natural Caufe of that 
Concordance of Sound which is called Uniftn. But the 
Motion which is given to the String A by the Vibrations 
of B only, will be very fmall, a«d therefore produce but 
a very faint and almoft imperceptible Sound : Yet (till 
the Sound is audible to a good Ear, and the Vibration is 

vifible to a common Eye. ■ However, that thefe 

Things may be extremely fenfible to you, I have placed 
a Microfcope over the Middle of the String, wherein 
you will obferve the Phenomenon to the greateft Ad- 
vantage. 

Euphrof. I am greatly obliged to you, Cleontcus, for 
taking fo much Care to inftrudt and improve me in the 
Knowledge of natural Things, I'll try the Experi- 
ments fucceflively ; and firft, while the ' Serines have 
C c 3 two 
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two different Degrees of Tenfion, I ftrike one of them, 
and obferve the other has no Motion even to the Eye 
^ (lifted by the Mierofcopc:- - But now, a* I turn the 
Nut and gradually ftretch the String B, I obfcrve> as 
it comes nearly to the Tenfion of the String A, that 
the latter begins to move, till at length the Tremor 
increafes, and (hews the Vibrarion of the String not Icfs 
in Appearance in the Microfcope than % of an Inch ; 
And it is very curious to obferve how this Space 



5 



radually leflens, as I increafe or remit the Tenfion of 
he String B» above or below that of A, till on either 

Side it vaniflies : Indeed, 1 can plainly fee the Motion 

in the Siring A with my naked Eye, and can even hear 
the Sound when that of B is flopped,^— By this Method, 
I apprehended, a Per ion that has no rnu Heal Ear at all; 
may* with his Eye, a (lifted by a Microfcope, put two 
Strings in urn ton to the utmoit rcriettiop. 
1 Ctf*. Yob obferve very rightly, mjEyphr$Jy*i, and 
not only in Unifon, But likewife in any other comparttiTe 
Degree of Sound :' Thus, if l cake the String B away, 
and fubfthute in its Room another which I call C, of 
Juft half the Length of B, then yon know, when they 
.are under the fame Pegrefc of Tenfion, there will be an 
Oclavc Difference in their' lone; or the Sound of C 

will be an 'O&ave above that of A. But now what 

is very myfteribus is, the Effe# which the String C 
has upon the' String A; for, when it is (truck, it will 
caufe the String A to vibrate 'in two equal 'Parts : *! hat 
is, with reflect to' its Motion, the Sfring A is divided 
tn the middle Point, and each' Half vibrates equally with 
the String C, and that middle Point' is entirely at reft: 
A Thing, which the moft acute 1 Phi lofopher' would never 
Jiave furmifdd, had it not been demon (traced by Experi- 
ment, which it is two fevcial Ways'. 

Euphrof. This will afford me very great Pleafurc 

indeed: — 'Could an'y one have thought that a 

String could poflibly be put into Motion by two Partsi 
::nd yet at Reft in a Point between them, at the fame* 
Time! "' ...... . : 

' Clton. So it is, my Euphrofyne, and the following 

Experiment will evince the Truth of it ■ — — I cut r 

tball angular Pieces of Paper iu this Form and Size, ( A7 

1 -" < • . " ■ • f9 
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to that they may conveniently hang upon the String; 
then I place one of them precifely on the Middle of the 
String A, and the other two juft over the Middle of each 

Half of the (aid String: Now, my Euphrofyne^ I 

ftrike the String C in a gentle Manner, and you obferre 
the two laft mentioned Papcrs x are inftantly thrown off, 
while that in the Middle of the String A remains entirely 
at reft. 

Euphrof. I view the Fa£fc with Aftonifhment ; nor 
can it need any thing more than this fimple Experiment 
to fupport it. But could it not be otherwife (hewn by 
the Microfcope as in the former Cafe f 

Cleen. Very eafilv, my Euphrofjm ;■ for now 

I place the Microfcope over the middle Point of the 
String A, and when you have placed your Eye over it, 
for the View, I will ftrike the String C when you give 
the Word. 

' Euphrof. I have a perfcfk View of the String A, and 
without any Motion at all :—— Therefore, now ftrike the 

String C : Well, though I hear you ftrike ft, Iproteft 

I fee no Motion in the Part of the String I look at, any 
more than before \ but it dill continues at Reft.— Now 
let me view the Middle of each Half. 

CUon. Til firft place it over that Half which is by 
the String C : — Obfcrve the String, and give me 

the Word. 

Euphrof. I fee the String at prefent perfe&ly quiefcent ; 

— you may now ftrike it : A Tremor feizes the 

String at once, and it is dilated into a very confiderable 
Breadth, at leaft 4 or 5 Times as wide as its natural 
Size : And will the other Half produce the fame 

Appearance, CUomcui ? 

Cieon. The very fame. 1 will place the Microfcope 

over the middle Point of the other Half, and then you 
Will be fatibfied. 

Euphrof At prefent the String appears at Reft, as 

before : — Now give the Stroke to the String C, 

» — Immediately the String is all in Motion, with 
all the fame Appearance as before. - — I am doubly 

convinced of this wonderful Event, and fhould be glad 
if you will give me to underftand how, and in what 
P c 4 Maaper 
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Manner foch wonderful 

CioA. _ 

Gma. It is faid, by Philofophen, th^ti aa tfcf 
A can be affe&t id only by the Pulfe ot Ait ekcx 

the motion of the Suing C, and thofe. nUaa 

the lame Length with the String C, therciisre they 

Jbike it only in half its Length at the farjie Time* mi 
therefore, by this Means can put it in Motioft owly iti 
ihofe two Halves i and fi> the middle Point of the String, 
having nothing to ftrike it, remains' it Rrft - H5 

js accounting for it in a Manner btftewhat fimilar 10 
tiie Thing fallows but I will not anfwer for its being 
JatisfaQorr to every fcriipuloas Mind :— — But that this 
ia a Fa&in every different Length of Strings where the 
fhorter it an aliquot Part of the larger, is certainly true, 
and it "will be worth while to give one Experiment more 
toebnfirm/t : ■ ' ■■ Therefore, I have here provided two 
other Strings, A and D ; the Length of A ia 4 Feet, 
and that of D but one Foot ; they are placed at the 
XKftance of -^ of an Inch diftant fropj each other, and 
both begin at the fame Line : When they are properly 
tuned, or the String D a double O&ave, or 16 Notes 
above A, then, when it is ftruck, the Pulfes of Air 
which it produces can be only one Foot in Length ; tbefe 
Pulfes therefore will affe& the String A in 4 equal Parts 
at once, arid consequently divide the String in three 
equal Points between the two Extremes, which Points, 
together with the two extreme Points, or Ends, are all 
to be confidered at Reft, while the four intermediate Parts, 
or Quarters of the String, do Severally vibrate at the fame 
Time. And in order to prove that this is really the 

Cafe, nine of thofe fmall Pieces of Paper will be neceffary, 
to be placed at every 6 Inches along the String A ; for 
then, when the String D is ftruck with a Quill, every 
other Paper ought to be thrown off, and the reft remain 
pn the String :— — And this, you fee, will be done by 
fixing your Eye attentively on the String A, while I 
ftrike the String D. 

Eupbrof. How wonderful is the Sight !« The 

Papers alternately fly off and remain at Reft :— Thofe 
which go off, do it with fuch Violence and Sudden- 

fttfij, that it can fiercely be 7 perceived by the Eye $ 

'"> : " while 
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tthile thofe at Reft appear not in the leaft to have been 
{hocked. — — I do not know that 1 ever faw an 
£fie& in Nature fo very ftupcndous, and, at the fame 
Time, capable of being demon (Ira ted in fo fimple a 
Manner. 

Clfn. I (hall entertain you with more of the 
Wonders of Nature in this Way at another Time : 
At prc/ent, I think I have kept your Mind fufRciently 
iipon the Stretch, and therefore (hall poftpone the Con- 
fideration of thofe called Wind-inftr umenta Co the next 
Opportunity. 



DIALOGUE IX. 

Tht Rationale of different Kinds of MtrsiCAi 
Instruments, continued. 

Euphrofyni. 

YOU have given me a large and particular Account 
of many Sorts of mufical Inftruments, particularly 
thofe whofe delightful EflFe&s are produced by tfce Vibra- 
tions of Strings } and you promifed me, at the Conclusion 
of our laft Conference, that the Subject of our next 
muficai Speculation was to be the Philosophy of 
Wind-mjlruminti : Of this Sort, I mud confefs, I have 
but a very flender Notion, and here, if you do not take 
Care, you will foon get out of my Latitude. 

Clton. I (hall trouble you with nothing very myfterious 
on this Head ; for all Kind of Wind inftruments, from 
the Jews Harp to the Organ, depend upon one fimple 
Principle, viz. the vibrating Motion of condenfed Air ; 
for as all ft ringed Inftruments produce their J£ffe£rs by 
exciting Vibrations in the Air by the Vibrations of their 
Strings, fo all Kind of hollow Pipes may have their con- 
tained Air impreiTed, and condenfed by the different Force 
of the Breath, or Blaft from the Mouth, or by other 
Means, and thereby the A£Uon of that condenfed Air 
varioufly modified, and which, communicated to the ex- 
ternal Air, will be tbe*Caufc of as great a Diverfity of 
T Vibra- 
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Vibrations therein, and corifequeutly of mafical 
or Note*, which, as I hare (hewn yon, confift in no-, 
thing more than the Pulfes of Air properly WMwKirf ni 
modulated for that Purpofe. 

. Eupbrtf. Then I fuppofe, by what yon lay, Clmm'iM^ 
if a Perfon applies a common Trumpet to lis Month, 
and pots the Air in Motion by die Force of Us Breath, 
the Vibrations of that condenfed Air wiH make a fend 
Sound s t . T hen a Perfon blowing through iTran- ■ 
pet of the lame Dimenfion with fuck a, Force of Breath 
as will condenfe the Air to twice the Degree* will csufe 
the Vibrations to be twice as quick, and, eonfequendy, 
to produce in the external Air a Sound, whole Note 
or Tone (hall be twice as high, or more acute than the 
other: And therefore "the Tones, or Notes of thofc 
two TYumpets will be an Ofiavt diftant from each other: 
Am I not right fo far, CUonitui t 

Cle**. Tou certainly are, my E*phr$fyn*: And if 
the fecond Perfon was to agitate the Air with a Ic& Force 
of Breath, fo that its Vibrations Jhould be in Proportion 
to thofc of the other Trumpet, as 3 to 2, then would 
the Notes of the two Trumpets be* tbac Concord called 
the Fifth. If the Breath be farther weakened, fo as to 
caufe but 4 Vibrations in this Trumpet to 3 of the Firft> 
the latter will be a Fourth above the former, and fo on 
for a Third, Second, &c. whence it appears, that two 
Trumpets being founded together, are capable of pro- 
ducing all the Variety of muGcal Sounds in common 
with ftringed Inftruments. 

Eupbrof. So far I underftand you pretty clearly, and, 
at the fame Time, I fee in general the Reafon why a 
Trumpet, French Horn, &c. is of itfeif a mufical 
Inftrument; becaufe, by varioufly agitating the Air 
with different Forces of the Breath, any Variety of 
rnufical Notes may be produced by Succeflion, and, 
jconfequently, any Piece of Mufic may be performed in 
a finglc Part by thofc Inftruments, and two of them 
(together in Concert ; and becaufe of the Greatnefs of 
their Sound, or Lofcinefs of their Notes, this Sort of 
tVind-mufic is generally appropriated to all joyful and 
triumphal Occasions, and are particularly pieafing in 
the Gloom of a fcrenc Night, 'and have their Effe&s 

greatty 
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jgreatly heightened by their Reverberation from an ex- 
pended Surface of Water. In this Trumpet-mufic, the 
Airfeeros not to be confined or agitated in the fame Man- 
ner as in thofe Pipes or Tubes we call Flutes : Pray, 
Jiow am I to underftand the Effett of this Sort of Wind* 
inftruments ? 

Cleon. The Air in the Body of any Pipe or Flute, 
will, by other Air forced in upon it, be put into Motion, 
and being thereby more or lefs condenfed ; will have 
iuch Vibrations excited as are propottionably quicker or 
flower; and thefe, by Means of the Holes producing 
^milar Vibrations in the external Air, will caufe all 
that Variety of mufical Sounds, as before: But the 
'Notes of thofe Sounds will be variable, according tp 
jthe Bulk and Length of the included Column, or 
Cylinder of Air ; for the larger the Tube or Pipe, the 
greater will be the Quantity of Air to be put in Motion 
by the fame Force of the Breath, and, confequently, 
the lefs will be its Condenfation, therefore the flower 
its Vibrations, the lower will be the Note or Tone of 

£ound which it emits. But as one Length of String 

will produce only one Sort of Note, (with the fame 
Degree of Tcnfion) fo one Body or Quantity of Air 
will be capable only of one Degree of Vibration, and 
therefore 6i producing only one Note, which, indeed, 
may be higher or lower, as the Force of the Breath may 
be ftrongcr or weaker irnprefled. But what I now fay 
muft be underftood to relate to the common Method of 
founding thofe Inftruments ; for, if you pleafe, you 
may blow with Force enough to caufe Vibrations twice 
afc quick in the fame Body of Air, and confequently to 
make the' Sounds emitted an Odaveone above another : 
But you cannot, in this Cafe, produce any Note between 
the Octaves, which is fomething of a very odd and ex- 
traordinary Nature. 

Eupbrof. Pray, Cleonhus % what is it makes that which 
is called the Pitch-pipt of fuch general Ufe in tuning 
piufical Inftruments ? 

* Cleon. As we arc now difcourfing of Win<J-muG$ 
of the tubular Kind, your Queflion is very apropos* and 
the Rationale of the Pitch-pipe will be very eafy to 
Conceive from what hath been laid : For as the Vibrations 

1 rf 
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of the Jfyr will be proportioned lo its Quantity in i 
uniform lube, whether fquare or round, it matters notj 
therefore as you incrcafe or dimmifh the Length of the 
Bore, or Capacity of the Pipe* by the folid i J *ri that is 
moveable in it, fo you may give fuch Lengths w the 
included Body of Air as wm render it productive of 
Vibrations of any given Degree of Velocity, and thcieby 
produce any given Note of an Octave. 

Eupkrof, If I underftami you right, when the Air 
of the Pipe has its full Length, it will produce the lowtft 
or Bafe Ntf$\ but when the folid Part is placed fo far 
in the Pipe as to diminifli the Length of the Body of 
included Air, by one Half, and the Note be founded, 
it will be now an Q<3&vi above the former, or twice as 
high ; Is it not fo, Gemots? 

Gem* It is* my Euphrofpu^ juft as you have expreflcd 

it: And farihermore, if the Stopple be moved 

fti it farther up the Pipe, fo as to leave the Column of 
Air but J of its firft Length, its Vibrations will be thea 
twice as quick as in the I a ft Cafe, and therefore will 
produce a Note twice as high, and eonfequemly will be 

a double 0£tave above the Bale Note ; Therefore 

it is, that this folid Part or Stopple may be confidered 
as a Monochird in its whole Length, and may be fo 
divided into a HunaVed equal Parts, in the tame Manner 
as 1 obferved to you of the Bafe or Key-note when it 

was a String: —But here the Beginning of the 

Divifion is from the End that enters the Pipe j therefore 
if you place it in the Tube to the DiviGon 50, it wiH 
found an O&ave ; but if you draw it back to 53, the 
Note will be a Stvsntb greater ; — ^— if yon ftop at 60, it 

will be a Sixth greater ; and after that at 40 T %, the 

Fifth Note will be produced ; again, by placing it to 
75, you have the FeurthHott ; then again at 80, 

and you have the Third Note ; and, laftly, againft 

80 to> you have the Second Note, or that next to die 

Key or Bafe Note. Thus, any Note of the O&ave 

maybe produced by the Pitch-pipe : And if the Notes 
in this firft O&ave be not high enough, you may go an 
O&ave higher on the fame Monochord, and fo have a 
tery great Extent of Notes in this Pipe. - 
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Euphrof Then, I prcfume, the Reafon why it i» 
called a Pitch-pipe is becaufe, by this Means, he thaf 
tunes the Harpfichord, or other Inftrument, may be 
thereby able to pitch the Note, or Tune, to the proper 
Height above, or Diftance from the Bate Note » fo that 
any of the fcven Notes in the OQavc may be afcertained 
by this Pipe: And thus all the Odaves, and confe- 
i^ently the whole Inftrument, may be put into Tune, 
at any Time, by thrs mechanical Method. 1 fuppofe, 
the Kathnaie of all Wind-inilruments is nearly the 
fame ; as you have given me to underfland, that Notes 
or Sound of this Kind depend upon, and refult from the 
different Agitations and Vibrations of the included Air 
in the Pipes. 

Cteaa. What yon obferve is in general very juft : 
But there is, at the fame Time, great Art and Contri- 
vance required in the Inftrument maker, with refpefl: 
to the internal Structure and Sore of the Tube, or 
Pipe 5 and alfo the Form and Size of the Holes, or Ven- 
tages, by which thofe Sounds are modulated by the 
Fingers in Flutes, Hautboys, fefr. But the Capital, 

or mod noble and magnificent of all the Inftruments for 
Wind-mufic is the Organ, fo called by Way of 
Pre-eminence ; becaufe the Word Organ fignities, in the 
original Greek, nothing more than an Inftrument. — The 
^Principal of Organ-mufic is in itfelf very fimple aftd 
eafy, as I have already (hewn ; nor is its Structure fo 
very difficult, or complicated, as might be imagined 
from its pompous Appearance. 

Eupbrof. The Afpcft and EfFeft of the Organ are 
both in a fuperlative Degree : I am always raviftied with 
its majeftic Form, as well as with its divine and celeftiat 
Sounds., I think it is with the greateft Propriety con- 
fecrated to the Worftup of the Deity ; as it muft be 
allowed greatly to afiift all that Part of our Devotion 
which relates to facred MuGc and Harmony, fuch a? 
finging Anthems, Pfalms of Praife, l3c. and fomething 
of this Kind we find has always been in Ufe in Royal 

Chapels, and other chief Places of Worftiip. -But 

methinks, I (hould be glad to know fomething of the 
internal Struftare of this Inftrument, as I have never 

Iet had an Opportunity of gratifying my Curipfity by aa 
nfpettion thereof. 

CUtru 
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Cltott. It will not be a great while before I fltall take 
you with me to the Organ-builder's Room, where yon 
will fee and examine every Part which enters into fa 
Stru&urcj and, indeed* there is no Way for a Peribo 
to have a juft Idea of the Structure of this Inftramenty 
or any other Piece of Machinery, than by a real View 
of the feveral Parts that compofe it, and the Manner us 
k which they are put together by the Artificer: But, for 
the prefent, I (hall give you a general Account of the 
feveral Parts of which it confifts : U nder the Range 

of Pipes is a long Trunk, or hollow Box of Wood, 
made perfe&ly Air-t\gbt % with which the Pipes com- 
municate, and which, at the Time the Organ is playing, 
is conftandy filled with condenfed Air by Means of 
Bellows appropriated to that Ufe. Externally, you 

obferve a Set of Keys like thofe of a HarpGchord, eack 
of which is adapted to its peculiar Pipe in the Organ: 
— Thefe Keys, when put in Motion by the Organifl, 
lift up little Springs, by which the condenfed Air ruflics 
out of the Magazine into the Pipes of the Organ.—— 
The nether End of the Pipe is formed fbmething like 
the Mouth piece of a Flute, by which fuch a particular 
Portion of Air is admitted as is fufEcient to put the 
internal Air into thofe Tremours, and Vibrations, as 
are neceflary to found the intended Note, the other Part 
of the Air running Wafte on the Out-fide of the Tube r 
And thus the feveral Pipes of the Organ, like 
the Strings of a Harpfichord, have their mufical Effetis 
produced, by one and the fame Contrivance of a Set 
of Keys, which is a very lucky Circumftancc, becaufe 
the fame Perfon can, by this Means, play either Inftru- 
ment. 

Ettpbrof. From what you have faid, I am able to" 
form a tolerable Idea of the Nature of this Inftrumem, 
and the Manner in which this fuperior Kind of Muiic 

is effe&ed : But let me aik you one Queftion 

more, does not the Matter and Form of the Tubes 
contribute to meliorate the Notes, or Sounds, as welt 
as the Sound-boards with which ftringed Inftrumems are 
conftru&cd ? 

CUcn. There is no doubt of it, my Eup}:rofyne\ the 
more elaftc the Tube b, the ftronger and finer, and 

more 
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more fonorous and vivid will be the Sound, if I may fo 
exprefs myfelf : Of this you would foon be fenfible, 
were the Air agitated in the fame Manner by equal Pipes 
of Copper or Lead. The String? of a Harpfichord would 
make but indifferent Mufic without the Sound-board, 
and elaftic Air below, contributing, by their Elafticity, 
to heighten and perfeft its various Notes.—— — In the 
Stru&ure, therefore, of all Kinds of mufical In ft rumen ts, 
we are not only to confider the effential Principle of each 
peculiar Species of Mufic, but, alfo, we muft have a 
great regard to all concomitant Circumftances and Inci- 
dents which contribute to improve the fame ; for it is 
in Music as in Painting, unlefs the Expreffions of 
Nature are enlivened and embellifhed by the Graces 
borrowed from Art, the Performance will ever prove 

flat, cold, and unaffe&ing. Thus I have, in a 

general Way, fketched out to you a comprehenfive 
Plan of the Philofophy of mufical Sounds, by which 
you will be enabled to read, with Improvement, the 
Works of thofe who have wrote largely on this Subjedt, 
and therefore (hall conclude with a few Reflections not 
improper on this Occafion : ■ The firft is, a Cu* 
riofity relative to mufical Proportion, worth your Notice; 
by which there feems to be Tome Connexion between 
the Sciences of Music and Optics. — You remember all 
that I have faid to you concerning the Reflexion of Light 
from Speculums, and the Formation of Images thereby, 
from a given Diftance and Situation of the refpe&ive 
ObjeQs. 

Eupbrof. What I can recoiled of that Kind is princi* 
pally this ; that the folar Focus of a Speculum is at the 
Diftance of J Part of the Diameter of the Sphere, of 
which it is a Segment ; and, farther, that when an 
Object is at any near, or definite Diftance, the focal 
Diftance, or Place of the Image, will exceed the Di- 
ftance of the folar Focus, and fo much the more as the 
Object is nearer to the Mirrour. 

Clem. Very well, my Eupbrofyn* •* Then what I have 
now to advance, is this; that if a Right-line be con- 
ceived to be drawn, and a Mirrour be placed on any 
one Part of that Line, and an Objeft at a Diftance in, 
another Part of that'Line, then the Plaa 0/ the ffirrourl 

and 
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peiefitt Outer, and the Plate ef tie Ohjt8 ami its Irnap, 
are fhr Prints* which will ever divide thai Line nfe 
Musical Proportion : from whence we have this 
harmonica! Analogy, as the Diflaace $f the Obje&Jrm 
fb§ Gmttr if the Mirreur is 1$ its Dt/tanafrem tm Vertex 
Otnof, /# is the Difiance eftbe Image from the /aid Center 
p its Dijtamvjrtm the Ve>Ux: Or, in other Words, the 
Rati* of the Di fiances of the Objeft and its Image, from 
the Center and Vertex of the Speculum, will ever be the 
feme. 

Eutbrrf. This, no doubt, is a ? cry curious Proposi- 
tion, both in Mufic and Optics \ but I fliould have a much 
clearer Idea of it, if you could contrive to iliuftrate it by 
Example, or Experiment. 

CUcn. That nothing may be wanting to your eafy 
Conception of the Nature of fo (ingular a Pbaenomenon, 
I fcall iliuftrate it both by an Example and Experiment. 
For this Purpofe I have provided a Speculum, which 
is the Segment of a Sphere juft 10 Inches in Diameter, 
whofe Center is therefore at the Diftance of 5 Inches 
from the Vertex. Now, if I draw a Line juft 10 
Inches long, and place the Mirrour at one End of that 
Line, and any Objeft at the other End, then will thd 
Center of the Mirrour fall on the middle Point of the 
faid Line : therefore, if this Line be conOdered as a 
Monocbordy it is evident, the Center of the Speculum 
falls upon that Point which is called the Ofiave, and 
the folar Focus is upon the Point at 2 J Inches diftant 
from the Vertex, which is that Note called the Fourth. 
Then the Objeft being placed at the End of the Mono- 
chord, its Diuance from the Center to its Diftance 
from the Vertex of the Mirrour will be in Proportion' 
as 1 to 2 : Consequently, the O&ave, or Diftance from 
5 to 10, mull be divided by the Image in the Came Ratio, 
and therefore it will fall on the Point which is 6 T 6 In* 
ches from the Beginning of the Monochord, and there* 
fore will be formed on that diftinguHhed Concord called 
the Fifth : So thar, in this Example, the Place of the Ob- 
je&and its Image, the Place of the Speculum, its Center 
and folar Focus, divide the Monochord in all the capital 
Points of harrapnical Proportion. 

£ Eufbref. 
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Ettpbrof But (till, Cleon'uusy though I do not difpute 
the Truth of all you fay, it will be necefiary to evince the 
fame to me by an Experiment. 

Clean. That is the next Thing I propofe, and 
"which will not prove tedious or difficult in the leaft 
Degree ; for having placed the Mirrour in its Frame, 
with the Center of the Pedeftal at the End of the Di- 
vifions of the Line, or Monochord, I place a fmall 
lighted Wax-candle exaftly on the Beginning of the 
did Line : — Then you fee, by (landing on this opot, the 
Image of the Candle inverted, and the Point of its Flame 
exactly direfted to the fifth Note, or DiviGon of the Mo* 
nochordw 

Eupbrof. This, I obferve, is really Fa£k> and fully fa- 
tisfies me of the Truth of this mod extraordinary In (lance 
of Harmony in Optics. — Pray, is there any Cafe of a like 
Nature in any other Sciences i 

Clean. None, that I know of. You may have heard 
talk of the Mufic and Harmony of the Spheres, or Or- 
bits and Motions of the heavenly Bodies $ but there is no 
real muGcal Proportion in the Diftances of their Orbits 
from the Sun, or their periodical Revolutions about it. 
■I have likewife, heretofore obferved to you, that 
in the Refradion of Light by a Prifm, the Spaces occu- 
pied by the different Colours in the variegated folar Image 
were nearly the fame as the Parts, or Intervals between 
the mufical Notes of an O&ave : But this is a Matter, for 
aught we know, merely cafual v as there is no geometri- 
cal or phyfical Demon (t ration of a mufical Ratio in re- 
fra&ed Light in that Refpcft.— ■ 

Eupbrof This is a curious Difcovery indeed : But 

what have you farther to obferve, with regard to the Na* 
ture and Effeds of Mufic ? 

Clton. It may be very proper here to animadvert 
upon one Thing, viz. that when we know of any ex- 
traordinary Power, or Agent in Nature, \vc are generally 
apt to over rate it, or to afcribe more to its Viitue and 
Efficacy than was ever naturally due to it. To this 
injudicious Difpofnion in Mankind, we owe mod of 
thofe ridiculous and extravagant Notions of Aftrologcrs, 
or Aurufpices, Sooth fay ers, and Conjurers of evejy 
Kind, which have formerly fo much infatuated the Minds 

Vol. II. D d of 
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of weak and wicled People, to tbe great Difbonoar of 
an all-wife Governor of the World, and the Shame and 
Difgrace of human Nature. >-Tbit feema to haw 
been the Fate even of Mufic itfelf : Ita Powers are wdl 
known to affeft tbe btiman Fabric, which it chiefly a 
Compagee, or Syftem of nervous Fibres and muficolar 
Filaments, and thereby fubjeft to all tbe Motions and 
Vibrations of Air ; and, confequently, by thofe oco- 
fioned by mufica) Sounds in a very high Degree : and a 
the Paffions of the Mind arc affeficd, and variouflf 
'excited by the Impulfes of the nervous Syftem, it is as 
'Wonder that we oftentimes fee the Power of Mufic at 
fetting the Paffions of Men, in refpeft to Joy, Mirth, 
Devotion, &f*. in a very extraordinary Manner : Nor are 
we to wonder, if we find a Set of People ready to extend 
'the Power of Mufic beyond the Force of Nature, and 
afcribing to it many EfFeds which it was never capable 
of producing. 

Eupbrof. i fuppofe, by this Parody on the Wealmefs 
and Supcrftrtion of Mankind in regard to tbe Power of 
MuGc, you ha?e fomc Object in View, like the fa mow 
Story of the Bite of the Tarantula, which is faid to be 
titrable by Mufic alone. 

Clev*. That is the very Thing I hinted at :— — h 
Js amazing, to confider how fuch a Story gained fo 
long and conftant Credit with the moft lenfibk Part cf 

Mankind. Dr. Mead, very probably, might 

write f?om hear-fa-y ; but I^aglivi, the famous Philofe- 

pher in Italy, who could not but have good Opportunities 

of informing himfelf with refpeft to this Infe& (which 

* is a Native of Apulia) has written a Tseatifc exprefelyoo 

this Subjeft. But notwithstanding thefe, aci 

many other great Authorities, in favour of this Story> 
it is now defcrvedly Jookcd upon as a mere FiQiou, 

founded in Tiadition and vulgar'Error only: As 

fuch, it has been treated by an Italian Phyfician of 
Eminence, in the Fhihfiphkal Tranfoflim^ and a great 
many Gentlemen of unqueftionable Veracity, who 
' rcfided at Toronto in Naples many Months, and duiing 
' the Time in which the Bite of the Turantula is faid 
to be mod pernicious, affirm, that there was not a 
Pbyfician in the Country who believed there was ever 

lucti 
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ftich a Diftemper, from fuch a Caufe, and that Nobody 
ever remembers a Angle Inftance of fuch a Thing ; and, 
laftly, that there is no Spider to be found in that Country 
different from thofe which are common in mod warm 
Climates. 

Evpbrof. If this be the Cafe, bow ftrangely have 
your great Philofophers, PhyGcians, and Divines been 
impofed upon, by fo trifling a Thing as the fabulous 
Story of the Tarantula. Does it not argue them 

to have been equally indolent and credulous ? Was 

it not in their Power, 100 Years ago, to have detected 
this Impofture ? Should not this prove a Leflbn of 

Inftru&ion to the Virtu*fi of the next Generation, to 
be more circumfpeft in their Enquiries into the Powers 
of Nature, and not to be creduloufly aflenting to every 
vulgar Report, to the no fmall Difgrace of their high 

Reputation ?~ — Laftly, I think you have faid enough 

for a Menunto to the great Gentlemen of your own Sex, 
who are apt to value themfelves fo much on their fuperior 
Wifdom and Abilities, to be very moderate, for the 
Future, in their Reflections on the Weaknefs and Cre- 
dulity of oui's, fince learned Men, as well as filly 
Women, it feexns, can, for Centuries together, believe 

and acquiefce in fuch an old Woman's Story. You 

forgive me, CUonicus, tbefe general Reflections, as you 
cannot but know they are highly due from our Sex, for 
. the many genteel Stri&ures we daily receive from the 
Literati of youi's. 

Ckon. I tnink, my Euphrofyne, all that you have faid 
isl>ut toojufta Retaliation, and you are certainly very 
right in fo equitable a Vindication of the Honour and 
Chara&er of the Ladies in general :— But, at prefent, 
we (hall put an End to this Conversation, and, in our 
next, proceed to consider of thofe Organs with wrjich 
Nature has furnifhed all Animals, and, in Particular, 
the human Species, both for forming and ottering of 
Sounds, as well as for perceiving and hearing the fame. 
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DIALOGUE X. 

On the Organs furntfhed by Nature, forformhi 
andvarioujly modifying Animal Notes, and Voice, 
or Speech in the human Species, 

Eupbrofyne. 

I Am not very clear in the Subject of our prefent Con- 
verfation, Cltonicus : I remember you told me, when 
we laft parted, that you fhould next difcourfe with me 
upon the natural Organs ot Voice, or Speech, and, in 
general, how all animal Notes, or Sounds, are thereby 
formed and modulated. How am I to have a clear and 
diftinct Idea of this natural Organization for forming and 
emitting animal Sounds ? 

Gltcn. In this Affair, my Euphr§Jjne % I apprehend 
you will meet with very little Difficulty, fince all the 
Parts of the general Organ for forming animal Sounds 
are fuch as you are well acquainted with, by daily Ob- 
servation and lnfpeclion. Indeed, the Parts of 

this Organ are not folcly appropriated to this Ufe; 
but, like many other Parts of the animal Syftem, they 
are wifely defigned, by the Author of Nature*, to anfwer 
many Purpofes, and to perform different Functions in 

the animal Oeconomy. The parts of the voc;! 

Organ are as follow, (t.) The Lungs. (2.) The Tracht^ 
or Wind-pipe. (3.) The Larynx^ which is the Upper- 
part or the Wind-pipe. (4.) The Epiglottis , which lies 
over the Aperture, or Mouth of the Larynx. (5/ The 
Uvula* which hangs from the Palafe at the End of the 
Paflagc of the Note. (6.) The Tongue. (7.) The Ttttl. 
(8.) The Lips. Thefc are all the principal Parts con- 
cerned in the Formation of animal Sounds. 
. Euphroj. I hefe feem to me to be hard anatomic:! 
Names, many of them ; but, 1 fuppofe, the Things 
thcmfelves will be eafier to be underflood : And, farther, 
;is we obferve in every different Species of Animals 2 
peculiar Note, or Tone of Voice, or Sounds, which 
they naturally emit, therefore, in each of them, we a:< 

w 
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to fuppofe there is a peculiar DifpoGtion and Configura- 
tion of thofe Paits, to aufwer fuch different Modulations 
of Sounds. 

Cleon. No doubt is to be made of this ; for though 
the Parts may be efTentially the fame in all, yet their 
Shape, their Size, and their different Apparatus of 
Mufcles, and many other Circumftances, may be in- 
finitely varied in the numberlefs Species of Animals, and 
thereby an endlefs Variety of animal Sounds, Notes, or 

Voice is producible. It is by tthis Weans, that 

each Species has its peculiar Note. Thus, the 

Dog Bar is, the Cat Mews, the Cock Crows, 

the Doves Coo, the Sheep Bleats* 

the Cow Lowest the Lion Roars ; — — but 

Man alone Speaks. It is obfervable, that the 

Fifh alone, though they have many Parts of the aforefaid 
Organ, arc yet entirely mute, or incapable of emitting 
any Note. 

Eupbrof. You will next, Cleontcus, plcafe to let me 
know the particular Office which each of thefe Parts per- 
form in the Formation of animal Voice, or Sound. 

CUon. The Lungs, which I have mentioned as the 
firft and principal Part, are, in this Refpeft to the 
Animal, as the Bellows and Air box is to an Organ ; 
that is to fay, by them the Air is infpired, or drawn 
into the Lungs in a fufficient Quantity by their Dilatation, 
as may fuffice not only for Refpi ration, or Breathing ; 
(which is their general Function) but alfo, by their 
Comprefllon, to give a proper Impulfe to the Air requifit&> 
for the intended IntenGty of the Sound, or, in other 
Words, by a greater or lefs Compreflion of the Lungs 
we can exprefs the Air through the Wind -pipe with 
different Degrees of Force, and thereby raife, or lower 
the Voice, as Occafion requires: In (hort, the Lungs 
are the general Magazine of Air for all the numerous 
Purpofes in the animal Oeconomy, of which this 
of the Voice may be juftly reckoned in the fecond 
Degree. 

nupkrof. Is this important Organ formed alike in all 
Animals, Cleonicus ? 

CUon. I have obferved fome very confiderablc Dif- 
ference in the Formation of this Part, in the Accounts 

D d 3 which 
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which Natural ifts give us of it ; but I ftiall refer pit, 
far farther Satisfaction in this Point, to a moil noble 
and valuable Work, v'a. the anatomical Pan of the 
Aitmsin of tht Royal Atademy &f Ztumet at Paris* from 
the Year 1666 to 1699, where you will find not only 
the beft Icomfms of alt the eapital Bc^fts, Bird*, 
lleptilea, Serpents, tfil that has been ever publifhed, 
but a particular Account of all their Parts by a Difleftioa 
of each : And if you read it in Punch % It will at Ac 
fame Time be an Improvement of your Knowledge in 
that Language. 

Euphr&f I thank you for your kind Direction and A<J* 
vice : I (hall take the fuft Opportunity of procuring fiich 
ufeful Treat! fes< Pray, what is the next Part condu- 
cive to the Formation of Sounds ? 

Ckm. The fecomt great Part in the Organ for animal 
Notes, or Sounds * is the Tratbta or Wind- pipe, — — 
J have obferved to you that, in alt Wind-inftiuments, 
Pipes of one Form or other arc neceflary \ but the Wind- 
pipe is moft fitly compared to the Pipe of an Organ ; 
nnd as it ferves only for the Conveyance of the Air to 
ihc up per- part, or Larynx* it Is of different Six«, 
peculiarly adapted for expreffing the different Sounds in 
various Species of Animals* A larger Account of this 
Part you will find in Dr. Grtw's Cofmologia Sacra, or 
Mr. Derham's Pby/iccr Theology, both which Books are 
Jiighly worthy of Pcrufal : But one Thing I cannot 
pmit mentioning to you, as it is an Argument of the 
pioft obvious Dcfign and wife Contrivance, viz, that 
as this Part lies immediately in the Forc-parf of the 
Throat, and bears on its Hind-part upon the Otfipbag*s % 
pr Gulltt) by which our Food defcends into the Stomach \ 
and as it confifts of Cartilaginous Annuity or Rings* 
thefe, left they (hould bear hard on the Gullet, are ctif* 
^continued or broke off on the hinder Part, where it 19 
altogether foft and membranous, as you may remember 
oftentimes to have feen, in this Part, in a Difh that fre* 
guently pomes to your Ta.ble. 

' j/bhrof. I (hail take more particular Notice of this 
ParjTthe next* Time I fee it, as it is fo highly deferring 
thereof.— r- Pray, what is the next Part concerned ? 

CUen. The Larynx, I mentioned to you as the? 
tfcjrd Part of the complex Mcchanifm for animal Voice ; 

TW* 
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This Part is no lefs ufeful, than wonderful in its particu- 
lar Stru&ure ; it is placed on the upper Part of the Wind- 
pipe in the Throat, it may juftly be confidered as the 
mod mufical Part of the whole Organ, as it is particularly 
adapted to modulate or vary the Sound, or Voice, in 
every refpe&, that any particular Animal is capable of: 
For this Purpofe, it conGfts of no lefs than five very 
curious cartilaginous Parts, all moved and actuated by 
particular Mufcles appropriated to each. In the human 
Species, this Part has a peculiar Configuration, and is 
one of that infinite Number, in the human Fabric, that 
might juftly excite the devout Exclamation of the Pfalm- 
ift.* In the beforememioned Authors you will find 
a great Variety in the Conftruclion of this Part in differ- 
ent Species of Animals: In fhort, the Larynx anfwers to 
the Mechanifm in the lower Part of an Organ- pipe, or 
Mouth-piece in Flutes, for modulating the lngrefs and 
Egrefs of the Air in Speaking, Singing, &c. 

Euphrof. So far I have at leaft a general Idea of the 
organtcal Parts of Speech. Pray, what is the next which 
follows, contributing to this End ? 

CUcn. The next, or fourth Part, is the Epiglottis, 
fo called, as being fomeihing in the Form of a little 
Tongue lying over the Rimufa, or Mouth of the Larynx^ 
always raifed a little above it by an elaftic Mufcle, fo 
that when the Aliments glide over it into the Ot/opbagus, 
it clofes the Mouth of the Larynx fo that nothing may 
get down the Wind -pipe ; but when they are paft it, it 
rifes again by its natural Refort. This anfwers to 
that particular moveable Piece in the German Flute, 
Organ-pipes, dsfr. by which the Rimula $ or Pafiage 
for the Air, is made greater or lefs for the proper Modu- 
lation of the intended Note, or Tone of the Sound : 
But this Part in the animal Structure as much exceeds 
Che other, as the Voice, or Notes of Animals is an Effe& 
fuperior to the Notes of a common Pipe : The manifeft 
Defign and Contrivance of this Part being beyond 
Admiration itfelf. 

Eupbrof. The Part which you have now defcribed, I 
apprehend, is concerned in the original Production and 
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Wi of the Voice ; but the other Parts which 
prcfume, are ro tender the Voice at Speech 
utatc and dHlmct ? 

That i« their particular Office ; for without 
ATirtU-piper would be no more than a common 
barely modulating Note* or Sound? But, hy 
nee of the other Parts of this Organ, thole 
ui Ljounds may be hid to be properly configurated, 
mt A into all that 'infinite Variety of Sound* which 
neci uy to constitute Voice, or Speech : Amungft 
thw fir ft is the Uvuh, which I mentioned to you 
as fifth I ar i concet nc<\ ; this hangs from the Palate, 
in the upper and hinder Part of the Mouth, be : ore the 
PafTage into the Nofc: It has two Ules, one is to prevent 
any Thing regurgitating ituo the Nofc in Deglutition, and 
the other is, by its various MufcJes and Motion, ta 
contribute to the particular or fpecial Modification and 
Articulation of Sounds, at its firtt Entrance into the 
Mouth : Since we find this is very often experienced 
vrhen, by a Difofder in this Part, it is neceffary to 
extract it ; that the Voice without it is very obtufe arid 
jmiilUndl, and the I'erfon fpeaks* as we fay, through tht 

JVV* -By looking into any Perfon's Mouth, you 

will readily difcern this Part pendant from the Palate 
over the Throat. 

Euphrof. Well ; but notwithftanding this, I prefume 
the Tongue is the principal Inftrumcnt for rendering the 
Voice articulate? 

Cleon. Undoubtedly it is; the Tongue is the fixth 
Part which I mentioned in the Structure of this general 
Organ, and is not only the Principal but the molt abfo- 
Jutely neceflary Part, for the general Articulation of 
Sounds, efpecially for verbal Notes or Speech, which are 
wholly indiflinlt and unintelligible where this Part is un- 
happily wanting, as you too often find by Experience ; 
there is fo much natural Art in the Ufe of the Tongue in 
this Refpeft, that the Tongue itfelf is not capable ofex- 
preffing $ it is an Inftance of that divine Energy which 
we can only admire, but never fully underftand : It is 
the grand Inftrumentof Speech to the human Species, and • 
fervee to. modulate the Expreffioos of the Paffions x by pro- , 
per Notes of Sound in all others. 

Euphrof. As you are upon the SubjeG of the Tongue, 
QUonutiS) you will give me Leave to alt, what farther 

Purpofes 
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Purpofes it ferves befides that of Speech ? It feems to me 
to bC/thc Scot* or the Organ of Taftt. I flieuld be glad 
to have your Sentiments on this Subje£h 

C'eon. You may command me in any fuch Refpe&s 
as freely as you pleafe : ■■ And, to tell you the plain 
Truth, it is fo eminently diftinguiflied as the Organ of 
Taste, that it is, for ought I know, its primary 
Fun&ion or Faculty ; for it is well known to Anatomiftfc 
that there is a Pair of Nerves which proceed from the 
Brain to the Root of the Tongue, and there difperfe in 
a wonderful Manner through all its Parts ; and termi- 
nating in little capillary Eminences on the upper Side 
pf the Tongue, occafions that fmall Degree of Afperity, 
or Roughnefs, which we there perceive: Thefe arc 
called the Guftatory Nerves, becaufe being affected by 
the fap$rific Particles of the Aliment, or any other Body 
to which the Tongue is applied, they render us imme- 
diately feufible of that Quality which is call, their Sapor t 
Rtlijbi or Taste ; and tins is the Subftance of the ge- 
neral Doctrine of this Sensation. 
. Eupbrof. It is fufficient to give me a general Idea of 
Tafle, and that is all I can expert at this Time. You 
will now proceed to the other Parts of this general Organ 
pf Speech. 

Ction. The Teeth and Palate are the next In- 
ftruments of Speech; you wiil eafily find how con- 
fidcrable their Office is in this Rcfpeft, if you only 
attend to the different Notes or Tones of the Sound 
expreffed with the Teetb, (hut and open ; or by pro- 
nouncing the different Letters of the Alphabet without 
applying the Tongue to the Teeth and Palate ; alio, it 
is a very common Observation, that the Voice of Pcrfons 
who have loft any of their Fore-teeth is very different 
from what it was before, and confiderably lefs articulate. 
It would be endlefs to be particular in (hewing how far 
the Teeth arc concerned in rendering the human Voice 
perfe&, though, in regard to other Animals, they are of 
little Importance in this refpe&. 

Eupbrof. I can eafily experiment the Truth of what . 
you have now laid, and am fully (atisfied of it from com- 
mon Obfervation. — ——I think you mentioned the Mouth 
as the laft Part of this Organ of animal Voice ? 

Cleon. The Mouth and Lips are the mod eflentiai 
of all the Parts to modulate and aniculate the Sounds, 

efpecially 
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in our own Species ; til the Variations of 

m the loweft Wbiiper to the louoVIt VocU 

uflpend on the different Aperture and Configu- 

t'ht Lip^ This hkfwile is evident in the 
and Singing of moft Kind of Birds, their 
id tuneful Notes being in a great Meafurc for- 

modulatcd thereby. ■ — And thus, I think, 

itnerated to you all the different and etfenml 

nccrned In composing this grand Contrivance, 

iiz.it ion for animal Sounds \ though there is 

t moft eminent Part, in the animal fabric, that 

V.I....U je exemued rrom having fame Share in the 

FrodudioDj or, at lea ft, in the Perfection of this great 

Faculty, 

Eupnrof* By your Manner of Expreflion, CUcnuw f 
I guefs you mean the Nose ; this, we know, is the 
Scat of the ScnfaUon of Smelling, and I am fuliy 
fatisfied, at the frrac Time, that a free Paflkge through 
the Noli rib does greatly contribute to a djftinit Kxpreflum 
of the Voice, as wc cafihr find by holding the Nofe when 
we fpeafc. 

Git**- Your Obfcrvation is very juft ; the Noftfils 
undoubtedly contribute to a free and clear ExprefHon 
and Formation of animal Sounds, or Voice ; but I 
did not chufe to mention this before as one of the Paits 
of the Organ of Speech, as it is in kfelf a capital Organ 
ofSenfation: I mean, that of Smelling, as you juft 
now obferved; for the Anatomifts (hew us a Pair of 
Nerves which, in a moft obvious and curious Manner, 
are detached from the Brain to the Origin of the Nofe, 
and there, in a wonderful Divarication, • are fpread over 
all the Surface of the Noftrils, whofe fine capillary 
Extremities, being affe&ed by tbofc particular Particles 
in Bodies in which their Odours confift, prove the 
Means of exciting in our Minds the Notions, or Ideas 
of that odorific Sensation, or Faculty, we call the 
Smell- 1 (hall, one Day or other, take an Opportunity 
of directing the Bill of a Ma.tarJ, or Drake % where you 
will be apprized of the moft exquifite Scene of Wifdom 
and Defign in the Structure of this Organ in that and 
other fuch Species of Animals, who are obliged to fmell 
cut their Food, or proper Aliment, when it lies concealed 
from the Sight. 1 tbink 9 fpr my own Part, the curious 

Dif. 
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DifpoGtion of the olfaftery Nerves, and their amazing* 
Ramification through all the broad Part of the Beak of 
this Bird, is one of the mod delightful and aftonifhing 
Sights I ever beheld. — I make no Doubt but the 
Cafe would appear the fame, or, perhaps, much more 
exquifite in '.he nervous Stru&ure of this Organ in the 
Nofc of Dogs, wbofe Powers of Senfation in this Kind 
are well known by In (lances which exceed all human 
Conception and Description, and, 1 take it, that except- 
ing the Sight alone, the Organ of Strutting is the mod ex* 
quifite in the animal Oeconomy. 



DIALOGUE XL 

Of the Faculty, or Sensation 0/ Hearing; 
zvith a Description of the particular Parts 
concerned in the Organization of the Ear. 

Euphrofyne. 

AS you have obliged me with a general Account of 
the philosophical Principles of Sounds, both ani- 
mate and inanima r e, which has not a little contributed 
to the Expanfion of my Mind, and Improvement of 
my Underftanding ; yet 1 remember you told me, I 
fhould never be perfect in this Part of the Science, till 
the very Organ itfelf, by which thofe Sounds are rendered 
perceptible to us, be fully confidered and understood; 
which, I apprehend, will be very difficult for any one 
to comprehend without having the feveral Parts of this 
Organ expofed to View, by an a£tua( Diflc&ion of the 
Ear: This, when we parted lad, you was fo kind as 
to tell me you would provide for the Subje& of my next 
Entertainment. 

Clean. This I have accordingly done, having obtained . 
the Favour of a Preparation of all the Parts of the human 
Ear, curioufly preserved, from an ingenious Acquaint* 
ance, whofe Chara&er, as a Surgeon and A n atom i ft, is 
not the lead eminent in his Profellion. — You fee them 
Jiere nicely difoofed, upon Cotton, in the little Compart- 
ment* jn $his Pox, 

E*phrof. 
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(hutting their Mouth and holding their Nofc, can 
force the Smoke of Tobacco in a vifibie Manner through 
their Ears, through this (mail Chink (if ft detected by 
Rivinus* 

Euphrof. By fueh an odd Kind of Experiment a 
Communication between the internal and external Ear 

is put beyond all Difpute : — — -But, pray, CU&nUut* 

Is not fuch a Hole necefiary in the Nature of an Organ 
of Sound ? Becaufe I have always obferved it in all 
In liniments, as the &Qliau Harp, Violin, E^- where a 
Body of Air is contained under a Sound* board beneath 
the Strings. 

Ckm, There is no Doubt but that every Part in 
the Ear is perfectly adapted to a jutt Modulation of har- 
monious Sounds, and to meliorate their Tones i and 
that this Perforation in particular may not a little con- 
tribute thereto, as you well obferved, we find it docs in 
molt Wind-inftnjments. 

Etrpbr&f Pray, what are thofe Parts which I obfervc 
■ within the Ear, in the curious Form of a Snail-fhell ? 

Ckm. The Faffageor Part juft behind the Df um of the 
Ear is called the Vijtibulum t being, as it were, the A nu- 
cha mber or Entrance to two other Cavities or A par: men is 
in the Ear : The firftof tbcfe Cavities is called the Laby 
rintK corifatliiig of thefe Semi-circular Canals; and the 
fecond is called Cccbtra y from it;; Refcmblance of a SnaiU 
fhell, as you may lee by tneir Appearance in tnele Prepa- 
rations, r 

Evphrof. They feem to be very curious Parts, indeed* 
and what you call the Labyrinth appears to me to have 
fomething of the Mechanifm of a Winding-bora, of 
" Hearing trumpet. 

Cleon. Not only the Form, but its Ufe is undoubtedly 
of the fame kind, viz. to increafe the Agitations of tfie 
internal Air, w to make tbem more fenfibly affecl the 
Fibres of the auditory Nerve, to which a Veflibuhim* or 
Pafftge with which they all communicate, may not a 
little contribute ; as alfo, thofe little Membranes which 
you here fee extended in the Entrance into each of them. 
This Labyrinth of Winding tubes is fuppofed to be the 
general Organ of Hearing:— — But that which is deflined 
tor the more delicate and refined Ufes of Hearing, fuch at 
the forming arid modulating mufical or harmonical Sounds 

fecms 
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ieeras to be this other fecond Cavity of the CocbUa> in 
whofe curious and molt perfe& Mechanifm you obferve 
two fpiral Windings or Canals, feparatcd from one an- 
other by a thin nervous Membrane, fupported through its 
Length by the Projection of bony Lamina, as you may 
fee in this Cochlea by a proper Se&ion through it. 

Euphrof. I obferve it with a great deal of Pleafure ; 
and, as this Winding-paflage grows narrower towards the 
Summit, I apprehend the Fibres of the auditory Nerve, 
difplayed through the fame, may be fuppofed to have 
fome Refemblance to the Syftem of Strings in a Harpfi- 
chord, and that in this Part we may expe& to find the 
true Seat or Caufe of Concords and Difcords, or of the 
Harmony and Diflbnance of Sounds. 

Clean. Your Conje&ures perfectly coincide with thofe 
of the bcft and molt eiperienced Naturalifts, who have 
always conceived this to be the Cafe, but in an infinitely 
fuperior Degree to any Thing that we can find in the 
human Conftru&ion of a muncal Inftrument ; for in fuch 
an infinite Variety, in the Lengths of nervous Chords, 
it will always happen that fome or other of them will be 
in Unifon, or fome other Concord with the Vibrations of 
the Air i m pre fie d ; and other Nerves in Difcord with 
other Vibrations of the faid Air.— --This, at leaft, is 
fome Way of accounting for the mechanical Production 
of Sounds, and mufical Notes in this Organ : But you 
are not to expect that we can, at all Times, declare the 
full Intent and Purpofe of every Part which we obferve in 
the Commence of this, or any other Organ of Senfation. 

Euphrof. It is to be efteemed a great Condefcenfion, 
that we are admitted to fo near and lo affecting a View of 
Nature and hei great Operations, as to give us thofe. 
extended and cxahed Notions and Ideas which we thereby 
acquire of the divine Author himfelf. How little can 
they be properly faid to know of the Deity, who are 
ignorant of the Works of his Hands ? For my Part, I 
(hall ever think it my greateft Felicity to have been Jhus 
con d lifted, by you, through a Series of thefe molt 
ufeful Speculations, on the mod interefting Subjects 
of this Kind, and which will ever endear you to me 
under all the Relation of a Fritnd^ a Br other , and a 
Tutor ; and which is all the Acknowledgment I can, at 
prefent, make for your afiiduous and indefatigable Care 

to 
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jf Difcriptian ofthtfiviral Parts of the Ear. 

Fig* I. A B f the external Ear* C O, the internal 
Pan, or Organ of the Ear ? con fitting of the Drum $ the 
Labyrinth and Cwhka, E, Euftaihius's Tube* 

Fig- 1L Shews the Tympanum, or Drum of the Ear, 
with its proper apparatus of Bones in their natural situ- 
ation, viz. A, the Tympanum ; B f the Alatleus ; C, the 
Ituus* or Anvil * D, the Stapes or Stirrup* 

Fig. IIL Shews thofe Bones feparately, viz. B, the 
Malum i C, the 7w«« \ D, the Forepart ; and E f the 
hind Part of the Stapts 

Fig. IV, Is a View of the Labyrinth and Ccdi/a con- 
nected- A, the Superior; B, the Middlcmoft j and* C, 
the infenor Semianukr Canals of the Labyrinth, 

D E, the Yejhbuhm of the Labyrinth ; F G, the CVifai 
with one of its Spirals opening into the Vijiibulum D 
and the other into the Drum at H* 

Fig V. Another View of the Labyrinth and Cok 
fhewing thofe Bones in the Tympanum which open ir 
them, viz. the Holes called, 

1. The Fenejlra R&tunda^ which opens into the 
GnhUa. 

2. The rciujira Qvaits % which opens into inc rtju* 
Mum. 

3. The £*//, or opening of another Canal. 

4. The Spiral of the Cochlea, opening into the Vefli- 
bulum. 

5. The other Spiral opening into the Tympanum* 

Fig. 6. A Section of the CochUa^ with the membrane- 
ous Partition taken away, (hewing the Blood-veflels ra- 
mified through its two fpiral Cavities, A and B. 

Fig. VII. Another Seclion of the Cochlea, (hewing 
the Holes for the Paffagc of the auditory Nerve to die 
Cochlea, 
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DIALOGUE XII. 

Of the General Sense of Feeling. 

Cleonicus. 

JN fome of our laft Convocations, my Euphrbfyne, we 
have touched upon the Organization, or particular Con- 
mation of the Parts, which Nature has appointed for 
the Production of four Senfesout of the five, viz. thofc of 
Vision, Hearing, Smelling, and Tasting, which 
are called particular Senfatiom ; 1 fhall therefore now 
proceed to propofe to your Reflection the Rationale of the 
remaining fifth, which is the General Sensation of 
Feeling. 

Eupbrof You will make me very happy, my dear 
Cleonicus % to bring me acquainted with a Subjeft of fo 

great and important a Nature 1 remember you con- 

ttantly obferved to me, that each Senfation was produced 
by its peculiar Organ, or Pair of Nerves I could 

readily conceive how this might be done for a fpecial 

Part But how will it be poffible for one to get an Idea 

of fo univerfal a Senfation as we find in every Part of the 
Body? 

Cleon. This may be done with Eafe, dear Sifter, by 
only confidering that as a (ingle or fpecific Senfation is 
owing to a fingle Part of the Nervofe Syjhm y pecu- 
liarly qualified to excite it, fo the General Senfation is 
owing to a general Caufe of the fame kind, that is an uni- 
verfal Syftem of Nerves difpofed through the whole, and 
every individual Part of the Animal Body. 

Eupbrof. But this requires a prodigious Stretch of 
Thought, Cleonicus, for me even fo much as to form the 
lead Idea of fuch an amazing hffeft! For fince every 
Point in the Body is fcnfible of a Touch from any Objeft, 
it fhould feem to me that the whole Animal con filled of 
nothing elfe but Nerves ; how account you for this 
Cleonicus ? 

Cleon. You muft not be too fanguine in your Ex- 
pectations of my accounting for the unaccountable Phe- 
nomena of Nature; but this you may be allured of, 
that x befidcs Nerves, there are many different Parts 

£ e and 
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ud Veflels in the Sabftancc andConfthutkm rf the Body 
of an Animal, as JrUrus, Vmm % Mtmkrmw, M*fl*% 
Fijeira 9 &c. of many kinds ; as alio Boms which are the 
Fr*mt-W*rk> and Support of the whole. 

Eupbrtf. Well, bat Cl*$nUus t I fuppofe yon wHlaOov 
all tbcfe conftitucnt Parts of the Body to be endued with 
exquifite Sen&tion, which muft he oocafioned by Nencs 
in each of the to alio, (if Nerves be the immediate Otpm 
of Senfation, as you by,) then I (hould think it wnH 
fellow, that every Part of an Animal Body, and coafe- 
qoently the Whole, tnuft coofift ottmr* Aufs if Nay* 
or nervous Subftanct only. If you can think othenrifit 
Ckonicus, you can inftrucfc me to do fa too. 

Chan. To tell you the plain Truth, Sifter, I ranft 
cJonfefc I am much at a lofs how and what to think abort 
this, and all fuch natural Myfteries. We fee the Opera- 
tions of Nature in her larger Traits; we are permitted to 
fee the Origin, but not iht finijbing Strikes \ weobfem 
the firft of the Norves f Arteries, Veins, and mod of their 
ftupendous Divarications and Difperfion through the 
various Parts of the Body ; but this no longer than they 
are vifible to the naked or microfcopic Eye; after they 
efcape the Sight, all is involved in Darknefs and Infant- 
able Myftery. 

Euphrof. I beg you, CUonicus, not to think I want to 
know moie than Nature has deigned to reveal. I have 
learned enough from your various Elucidations, to be 
convinced, that human Knowledge is greatly circum- 
fcribed ; and that it would be aim oft a Profanation to be 
curioufly prying into many of thofe fecret and facred Phe- 
nomena, which we may revere and admire, but want the 
Faculty or Power to comprehend. 

CUon. Upon my Word Euphrofyne y I wonder Men 
don't allow Women to preacli to them, as well as to uign 
over item. There are few of our Sex that need be fhamed 
of the learned Documents they might receive from the al- 
moft Ciceronio7i Eloquence^ and Newtonian Mathejei, of 
fome of your's But Petticoat -Government 

Eupbiof. Not fo faft, Cieonicus, in your odd Sort of 
Raillery, you praife and difparage the Ladies both in one 
Breath 
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CUon. That's your miftake, my Eufbrofyne ; I praifc 
the Ladies, 'tis true ; but the Difparagement falls on the 
men who aft an abfurd and ignoble Part. 

Euphrof But pray Cleonicms*. what has all this to do 

about the General Senfe of Feeling 1 think we begin 

to loofe Sight of the aubjeft — 

Cleon. Why indeed, my Eipbrofyne* I have faid as yet 
but very little on the Subject ; and, what is worfe, have 
very little more to fay about it, but what is quite pre- 
carious Thus we are told, the Nerves convey Animal 

Spirits to all Parts of the Body for producing Life and 
Senfation ; alfo — 

Euphrof. But. not too many things at once, Cltonicus % 
let me firft know what you call Animal Spirits ? 

Cleon. That's more than 1 can do, Sifter ; 1 am not con- 
vinced by any Argument or Experiment whether any thing 
under that Appellation has really any Exigence; nor do we 
find it poflible by the Microfcope to difcover whether the 
Nerves are fine capillary Tubes, or iolid Filaments, or 
Threads; it is certain only that they are the mod immediate 
Caufe of Senfation in every refpe£t ; but how and in what 
manner they are fo, is not (perhaps*) in Man to fay. 

Eupfjrof But how are you fure, C/eonicus, that the 
Nerves are really the Caufe &f Senfation ? 

Cleon. By many evident Arguments; as firft, wher- 
ever a peculiar Senfation is intended, there you always 
find an Organ animated by a fpecial Pair of Nerves to 
produce it, as we have feen in the Eye, the Ear, Noft % 
Tongue, &c. Secondly, it is found by Experience, that 
when a Nerve is cut afunder, wounded, or tied with a 
String, the Part to which it is appropriated is thereby 
rendered ufelefs, paralytic, and without Feeling. Third- 
ly, they are evidently a mod important Part, as the whole 
Syftem of Blood -vefl'e Is, viz. Arteries and Veins is con* 
ftantly accompanied by a fimilar Syftem of Nerves in all 
their Ramifications and Distributions through the Body— 
Fourthly, if Senfation be not the Effect of Nerves, we 

know not what is the Caufe of it at all. Fifthly, it is 

the univerfal Opinion of the wifeft and moft experienced 
Part of Mankind, that the Nerves are the natural Means of 
Senfation* 

E c 2 
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Emfhref. You need not alledge any moreReafces, 
Ctmman , m whaterer it Conviction to the Learned, 
ought to be fo to me, and every one clfc. ■■ Let ae 
alk yon one Qneftkm more, and I hare donti is not 
the Brtin tin Ongin wftU Nerves f 

Ctet*. It is, my Eupbr$Jjm t for the few Pair which 
are deftined for the parricnlar Senfiss feated in die Head * 
hut there is a Sort of Continuation of the Sobflmce of 
the Brain through all the Verubr*, (which make die Bmk* 
B$*i y ) and is vulgarly called the SpimJ Mtrrwwi from 
whence proceed many different Pair of Nerret (all the 
way down,) and are detached to all Parts of the Body 
for general Senfation.— — They are fuppofed (by our 

freateft Anatemfts) to terminate in the Surface of die 
kin, in thofc little Heads or Protuberances thcr call 
PafilLe pyrtmidaUs, and are covered by the Cuticle, or 
Scarf-fkin. — - — I hate previoufly prepared a View of 
them in the Microfcope for jour better Information.— 
There, view them my Eupbrtfynt* 

Eupbr»f. I do; I fee what you call PaptUm very 
plainly \ little rifing Tubercles, at a fenfiUe Diftancc 
from each other, and placed in Rows, as it were, along 
the Skin, which feems to be furrowed or channelled for 

the Purpofe. They are fomewhat opakifli at Bottom, 

but at the Top they are all t ran fpa rent, and in fome 
there is almod the Appearance of a Pore or Perforation. 

Clean. I fee you have furveved them very critically, 
Etp'jro/yne ; but you obfcrve fhat thefc P apt Use have large 
Spaces between them, for the mod Part ; and, therefore, 
if the Nei ves terminated in them only, there would be a 
considerable Part of the Skin without Senfation, becaufe 
without Nerves ; but this is not confident witn Experi- 
ence, finceyou cannot apply the Point of the fineft Needle 
you ufe, with che lead Degree of Preflure, but you feel 
it, and with a painful Senfation. 

Eupbrcf. I have very often a Proof of that, CUomcui\ 
and hence I fuppofe it m;vy be pre famed that mod of the 
Senfations of Feeling are of the pleafurable or painful 
Sort. 

CU*n. They are, my Eypbrejyne, for if Objefts touch 
lri> in one Manner they give us Pleafur$\ if in a differ- 
ent one, they give us Pain : But what thofe peculiar 

MoJes 
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Modes of the Touch may be, we are again at a Lofs to 

conje&ure. AJ1 that we know, is, that all plea- 

furable Sen fat ions a rife from the Touch, but fome of 
the painful arife from other Caufes, as Hunger, Thirfl % 
and other Appetites, of which we are not able to form 
Ideas. 

Euphrof. I fear by this Time I have pretty well tired 
you, Cleonicus, or elfe my CurioOty would prompt me 
to afk you one Queftion more, viz wbtthtr it be poflible 
for a blind Ptrfon to diftinguijh Colour* by the Touch ? 

Clean. There are many In (lances of this Sort in the 
Affirmative upon Record ; and thefe have been fane* 
tioned by the Credulity of fuch great Names as Boyle % 
Derbam, &c. ; but the Aflertion of one Dr. Saunderfon is 
of more Weight with me, who always declared he ne- 
ver could do it, and that it was pretending to lmpojfibi- 
lities. 

Euphrof. I have heard fo much of that blind Gen- 
tleman, that I think if he could not, no other ought to 
be credited ; and indeed this one Anecdote furnilhes a 
Proof that Credulity will fometimes find a Place in the 
higheft Characters for Reputation, though it is ufually rec- 
koned the moft degrading Attribute of the loweit. — — • 
I thought to have troubled you no farther ; but I re- 
member, Cleenicus 9 I once heard of a Perfon that could fee 
every thing but Colours ; and that of thofe he never had the 
leaft Idea ; do you think this credible ? 

Gleon. I happened, luckily, to be acquainted with a 
Gentleman who knows that very Perfon you fpeak of.— 
He is a Haberdaiher by Trade, which is fomewhat ex- 
traordinary. — When his Cuftomers afk for this or that 
coloured Ribbon, he takes out a whole Drawer of 
all Colours, and fets before them, to chufe which they 
pleafe. — I know alfo another Gentleman, who afiures me 
he had a Servant that could fee or diftinguifli no Colour 
but Green, anJ knew nothing of any other. — But, fee, 
here is a Summons to Dinner, my Eupbrofyne % fo we 
mud adjourn, for the prefent, any farther Speculations on 
thefe Subjeds. 
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AMPHISCII, 91. 
Jnalewtma, or general Re&ifier, its Ufe on the terreftrial 
Globe, 108. 
Animal Spirits % 419. 
A*t<rci y 93, 
Antipodes, ib. 
Aquarius the Emblem of a rainy Sea Con, 19. 

Fabulous Hiftory of, ib. 
Ara, a poetical Defcription of the Ufe and Occafion of thia 

Cooftellation, 3c. 
ArQurus, a St *r of the hrft Magnitude, 70. 

Latitude of, from the Ecliptic, with its Declination and 

right A fee n (ion, ib. 
Its rifing, fetting, and foa thing, 71. 
Arg9> fabulous Hiftory of, 36. 
Aria* the firft Sign of the Zodiac, 10. 

Conjectures with regard to the Name and Form of this 

Conftrllation, it. 
Fabulous Hiftory of, ib. 
A fcii t who were called fo by the Greeks, 91, 
Aftrologers* their Pretentions often vain and impious, 4. 
Auriga* fabulous Hiftory of, 27. 
Azimuth of the Sun, 48. 

How to find it for any Hoar of any given Day of the 
Year, 47. 

BALENA, the Whale or Sea Monfter, poetical Story of, 33. 

Bays, 97. 

Stack, an Abfence of Colour rather than a Colour, zoj. 

Bootes, or Aeclopbjltx, the Bear-keeper, rabotauaHillory of, 27. 

Break of Day and Twilight, 48, 49. 

B*U 9 fabulous Hiftory of, 12. 
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CCELESTIAL Globe, defcribed, i. 

Wherein it differs from the Sphere, 2. 

What the Ancients called cceleftial Hoafet, J, 
Camera Obfcura, a new proportional one, 250* 

Ufcof, principally for Drawing, il.&c leq. 

The Artift cannot draw any Obje& in a given Proportion 
by the common Camera, 252. 
Cancer, the Name of this Sign not without Propriety, 14. 

Fabulous Hiftory of, 1 5, 
Cants Major and Cams-Minor y the great and little Dog, 34, 
Capricorn, the Origin of this Conftellation, i8« 

Fabulous Hiftory of, ib. 
Caput Mta\*J*% Medu/a's Head, fabulous Hiftory of, 25. 
Cepbus and Cajjiofe, fabulous Hiftory of, 22. 
Charts and Maps, how properly conftruded, 128. 

The Errors of thofe in common Ufe, 129. 

Excellency of fuch as are of the globular Conftro&ion, /£, 

Of great Ufe in rcprefenting particular Places, 133. 

Thofe representing a Spheroid mo ft accurate, 134. 

Peculiar Advantages thereof, 137. 

llluftrated by a Diagram, 139* 
■Circle of Illumination, 1 16, 
Circles of the Horizon, 2, 
Climates, what the Geographers meat by a Climate, 93, 

A Table of thofe between the Equator and the polar 
Circles, 94. 

Between ihc polar Circles and Poles, ib% 
Colours, the Theory or, 198. 

S:r Ijaac Newton fir ft difcovered the Caufe of, 199. 

This Difcovery proved by Experiments, ib. 

Seven original Colour*, 200. 

Why Codies arc ieen variously coloured in a Prifm, and 
not in Glafies of othtr Forms, 201. 

The Colours of the Rainbow explained by an Experi- 
ment, 203, 
Comets, their Courfes to be traced on the ccelcftial Globe, 
6x1 & feq. 

The Courie of the Comet in 1758 particularly described, 
64, & feq. 
Concord and Difcord in Muiic, 370, 378. 
Conjieliattons, confift of a Number of Stars, 5. 

Names of thofe in the northern Hemisphere, 5, 6. 

Their Origin and Mythoiogic Hiftory, 32, & feq. 
Of thofe in the fouthern Hemifphere, 6, 7. 

Their Origin and fabulous Hiftory, 32, & feq. 

The numbering &nd naming them of the moil ancient 
Date, 7. 

Of thofe of the Zodiac, with (heir fabulous Hiftory, iq. 
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Continents, oc. 

Crater t the Bowl ; fabulous Hiftory thereof, 35. 

Creeks 9 97. 

Crepu/aUar Circle, or Circle of Twilight, 11 6. 

DAY ; Lunar, Planetary, Sidereal, and Solar, 309. 
Delpbinus, the fabulous Hiftory of, 31. 
Draco, fabulous Hiftory of, 21. 

EAGLE, fabulous Hiftory of this Cooftellation, 28* 
Ear, its various Parts defcribed, 411, & feq. 

A Plate of it, with an Explanation of the Figures, 41 1. 416* 
Earthy the Axis of, has a retrograde Motion, 75* 

The Eftcasof this Motion illuftrated on a Globe with a 

particular Apparatus, 76. 
The Motions of the Stars and Conftellations forward thence 

accounted for, 80. 
Figure of, not that of a Globe, 87* 
But what is called a Spheroid, ib. 
Dimeofioos of, 88, 89. 
Echo, the Nature of explained, 364, 

Often affords an agreeable Amufement to the Curious, 365. 
The Man and his Echo muft be heard from two diftaat 
Places, 366. 
Eel, the Scale of, its Appearance in the Microfcope, 186. 
The Scales of this Fi(h differ from thofe of common Fifll 
in feveral Particulars, 186. 
Eioftic Fluid, the Nature and Action of, 356. 
Epiglottis, 407. 

Equinoxes, the Preceffion of, illuftrated by a Globe of a par- 
ticular Conftroltion, 76, 77, 
See Plate XXX VJ. 81. 

The equinoctial Points being moved, the Phenomena of 
any Age may be reprefented on thecceleftial Globe, 84. 
£ridanus, a Conftellation fo called, fabulous Hiftory of, 37. 
Evening, ftarry, a poetical Defcriptioo of, 10, 11. 
Explanation of a Plate reprefenting the Machinery in a new 
Apparatus to the terreftrial Globe, 1 12* 126. 
Of a Plate reprefenting the different Parts of the Ear, 

4«'.4»6. 
Experiments* 

To prove the Sun's Rays when refracted to be the natural 

Canfe of Colours, 199. 
To explain the Nature of the Rainbow, 203. 
To illuftratethe magnifying Power of a Tclefcope, ib. 
To ftew the Caufe of the Pcfeft of Sight in the Mjofs 

Wdfrrjtyta, 15, 



I N 



E X. 



To tficw the prodigious. Degree of Vibration Gfafs is 

capable of, 379, 
To flic w in what a Uuprifing Manner m«fical Strings are 

affcdcd by each others Vibration), 389* 
To prove that a String may be put \r.to Motion by t*o 

Parts, and yci at reft between them, 390. 
£jf, the Form and Structure of, 333, 

What the Aimomifts call the Optic Nerve, 354., 
The Retina the im mediate leftrument of Viuon, *i* 
Form of the Eye inch as the Laws of Optics require, 337. 
The Cornta, why uanfparent and convex, it* 
The Ufe of the Uvea with the Pupil, 339. 
The cry ft a] line and vitreous Humour^ 34.0, & feq» 
A Defecl of the Eye in old People, to what owing, 3444 
Jn young Perfons, from what proceeding, it* 
Structure of an artificial Eye, 348. 
Of the three Glalea which are fcrewed on in the aatificiat 
1 Eye,. 349. 

The well formed and defective Byes illuftratcd by is Bxpe- 
«. limrnt, 350. v 

FEELING, of the genet*! Senfeof, 417, 

The nervoot Syftem the immediate Caufeof that Scale, 

419. 
Mot fufficiently acute in blind perfons, to difiinguifh co- 
lours, 411. 

GAMUT, in Mu/ic, what, 376. 

Gtmhi, Reafons for the Denomination of this Sign, 14. 

Fabulous Hiftory of, it. 
GlaJJisy convex, nrcefiary to help the decayed Sight of elderly 
People, 346. 
Muft be To placed, that the Axis of each may coincide 

with the Eye, 348. 
Concave, proper for (hort-fighted People, 346. 
Mufic of» 387. 
Glolt , coeleilial ; a Defcription of, 1 , & feq. 

Ufe of, in folviog folar Problems, 42, & feq. 

In folving lunar Problems, 52, & feq. 

An Appendage to, for (hewing the various Motions of 

the Moon, J 1. 
Ufe of,in Problems relating to Planets and Comets, 6o,&feq. 

In fuch as relate to the Stars, 68, & feq. 
An antique caeleftial Globe, found in the Ruins of ancient 

Rome, 80. 
Conjectures concerning the Age thereof, 81. 
; This Globe a Demonftration of the retrograde Motions of 
^ c he equinoctial Point?, 82. 
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Tcrreftrial, a Defcription of, 87. 

Its Ufe in the Solution of many carious and ufeful 

Problems, 98, & feq. 
Defcription of a new Apparatus thereto, 1 10, & feq. 
To re&ify this new conftruded Globe, 113. 
To (hew thereby the Manner in which the Earth turna 

upon her Axis, as (he proceeds in her Orbit about 

the Sun, 113. 
To (hew the apparent Motion of the Snn in the Ecliptic 

for one Day, 114. 
The variable Length of Days and Nights, 15, 16. 
The various Seafons of the Year, 117. 
Ufe thereof, for exhibiting the Pnaenomena of folar 

Eclipfes, 120. 
Exemplified in (hewing the Solar Eclipfe April 1, 1764, 

121, & feq. 

GltlpbSy 96. 

HARP, the jEolian, 388. 

Hafvtft Moon, explained by the coeleftial Globe, 57. 

Hsfofcnpes, Ufe thereof, and mod perfect Method of making, 
233. 
The mod remarkable, thofe invented by Dr. Hook, 236. 

Htlioftata, a folftitial and planetary Clock, 304. 

It (hews the lunar and planetary Days, by the Contrivance 

of a Pendulum for that Purpofe, 308, & feq. 
How the Machine muft be rectified for planetary Obfer- 

vations, 310. 
The Ufe of, exemplified by Experiments, 313, & feq. 

Hirculu, fabulous Hi dory of, 29. 

fftfiod, the Age in which he lived determined by his Defcrip- 
tion of the acronical Rifiog of the Star Jr Burnt, 83. 85, 

Htttrofcii, 92, &feq. 

Horizon, Circles of, on the coeleftial Globe, 2. 

JERUSALEM, its Latitude and Longitude, 99. 

What Point of the Compafs it bears upon from London, 
100. 
Jti d'Eaus, exhibited byan artificial Fountain, 20$. 
Inftruments, ft ringed, thePrinciple of their Con ft ruction, 381. 
Job, his Hiftory the moft ancient of any extant, 7. 

He mentions the Pleiades and other Conftellations, ibid* 
I/lands, 95. 
Ijtbmuis, 95. 

LAKES, 96. 

f*oMtir*a Megakgrapbiea, or the Magic Lsntbern, 28?* 

Wherein it differs from the folar Megalafcope, 286. 

A Portrait two Inchet Jong rbereby forms an Image on 
the Wall fix Feet high, 287. 
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A View of the Coronation by this In fir a men t, a8$. 

Its Ufe in viewing the Contexture and Ramifications of 

Leaves and Sea Plants, 289* 
The Effect thereof in viewing little tranfparent nedallic 

Impreflions, 291. 
A Reprefentation of the King and Quee» at large as the 

Life, 292. 
A perfpedtive View of London before the Fire, ih. 
. The King's Arms richly blazoned aad coloured, 293. 
Larynx, 406. 
Latitude* what it is, 89* 

To find that of any Place, 98. 
Ltnfis, convex and concave, their Ufe in Reading GlaHes, 318. 
The Rationale of, explained by a Diagram, 319. 
The Theory of vifaal Glafles, 321. 
The Power of Burning in large convex Leslie* and con- 
cave Speculums, 323. 

The Rationale thereof, 324. 
Various Kinds of burning Speculums, 327. 
Their wondrous Effects, 328* & feq. 
Some of the moil remarkable proved by Bxpeti meats, 331. 
Let, the Lyon ; Reafons for the Name of this ConfUUarion, 15. 

Fabulous Hiftory of, ib. 
Libra, Propriety of the Name of this Sign, 16. 
Fabulous Hiftory of, tb. 

Some of the Ancients not acquainted with this Sign, 17. 
Light, the Motion of, propagated in right-line Directions 
only, 363. 
Not in the Manner Sounds arc, 364. 
Velocity of, twelve Millions of Miles fir Minute, 368. 
Longitude, to find that of any Place, 99. 
Lung!, their Office in the Formation of animal Voice or 

Sound, 4O). 
Lycn, fabulous Hilfory of, 1 {. 
Lyra, the Lyre, fabulous Hiitory of, 30. 
Lyncher d defcri bed, 385. 
A Print of it, 386. 

MACULE or Spots of the Sun, 50. 
Ma^ic Lanthern defcribed, 28^. 

How it came to be fo called, 286. 
Manillas, an ancient poetical Aflronomer, 10. 

His Description of the twelve Signs, tb. 

Of the northern Conftellation Strpo;tarius, 29. 

Of Orion, 53. 

Of the Conllellation Ara 9 35. 

Of the Milky- Way, 40, 41. 
Maps, general and particular, 127. 
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Tbe Deiciency of the common Method of conftru&ing 

them, 129. 
The Excellency of the globular 'Projedion in a Map of 

the World, 130. 
This illuftrated by a Plate, 131. 
Some are made by proje&ing tbe Surface of the Earth on 

the Plane of the Horizon, 131. 
Thofe of particular Places, are much j after Reprefen- 

tations of them than general ones can be, 133, 
Should be taken from the Surface of a Spheriod, not a 

Sphere, 134. 
The principal and peculiar Advantages of fuch a Map, 

*37- 
Illuftrated by a Diagram, 139. See alfo Plate XL. 140. 
Mercator*$ Projection, 131. 

Micro/copes, nngle, their Nature, Ufe, and Conftru&ion, 
161, &feq. 
Different Kinds and Forms, with their refpe&ive Ufes, 

167. 172, 
Wi/jon's defcribed, 168. 

Three Forms of Microfcopes ufually called manual, 172, 
Compound, their Nature, Conftrudion, and Ufe, 174. 
Difference betwixt the (ingle and compound, 175. 
The Parlour Microfcopc defcribed, 180. 
The Three-pillared one, 18 1. 
The Solar Microfcopc defcribed, 182. 
Defcription and Ufe of the feveral Parts. 183* 
Its Ufe illuftrated in the Scale of a Sole Fiflt and an 

Eel, 18$. 
In a peculiar Species of Eels, i86« 
In the Eye of a Fly, and the Wings of a Scarab or fmall 

Beetle, 187. 
The call-off bkin of a Spider, 1 88. 
The Tail of a Water- Newt, to (hew the Circulation, 189. 
Defcription of a Microfcopic Apparatus, confifting of a 
Jingle, compound, and folar Microfcopc, to be united 
as Occafion requires, 194. 
Illuftrated by an Explanation of the Figure in Plato 
XLIV. 196. 
Milky-Way or Galaxy, fabulous Hiftory of, 40* 

Pofition of, on the firft of Oa*btr % 73. 
Mmtb and Lips, moft effenrjal to the human Voice, 409. 
Mufic % the Properties of Sound refpefting it, 369. 

The Connection of, with Optics, 399. 
Mu/tiatNoits, ib* 

inftruments, the Rationale of, 393. 
Mjcps, a fhort-fighted Pcrfon, 345. 
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Whence this Defe& is occafioned j reprefented by 4 

Diagram, 352. 
A Variety of concave Glaflei muft be afed is Remedies # 

347- 

NERVE, the aoiverfal Organ of Senfation, 334. 

The optic, enters the Eye on one Side, 335. 

A Reafon afligned for this, ib. 

This illu ft rated by an Experiment, 336, 
Newton (Sir Ifaac) firft inveftigated the Caufe of the vaxioui 
Motions of the Moon, 51. 

Hedifcovered the natural Caufe of Colours, 199. 
Nofe, its Office, 416. 

OCEANS, 96. 

O&aat, or Sea-Quadrant, 296. 

Its Conftru£tion and Theory explained from a Principle 

in Optics, 297, & feq. 
The Ufe thereof to take the Height of the Sun at Sea, 301. 
Alfo the Height of the Moon, 302. 
And the Diftance of the Moon from any Star, 303. 
OBave, in Mufic, what 372, & feq. 

The Rationale of, 373. 
Opera Glaftes defcribed, 220. 

Optical lnftrument for meafuring the Angle of Vifion, 274, 
No more than two Glafles efientially required in it, 275. 
A third may be added, 276. 
A Micrometer adapted to it, the Diftance of an Objeft 

may thereby be difcovered, 277. 
The comparative apparent Magnitude of diftant Bodies 

may alfo be efti mated, 278. 
May be applied likewife to meafure the Diftance of inac- 

ceflible Obje&s, 279. 
Upon making a Change of Glafles, Prints and Pidures 

may be viewed to great Advantage, ib. 
May be fitted alfo for viewing all Intaglios, or deep cut 

Figures in precious Stones, 282. 
It (hews alfo to great Advantage all Kinds of Foflils, 
Minerals, Ores, &c. 283. 
Organ, the internal Structure of this mufical lnftrument, 397. 
Orion, fabulous Hiftory of, 33. 

Ovid, tran dated by Dyden, his Relation of the Story of 
Jupiter carrying off Europe 12, 13. 
Or Jupiter, and Cal-fto turned into a Bear, 21. \ 

P*tfiui and Aniionsaa, 22. 
Of Meduja, one of the Go-go/it, 25. 
Phaeton falling into the Erin'auus, jS. 
His furprifing Account of the Phamx, 39. 
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PARALLAX, the Nature of explained, 143. 

Of Venus, 260, & feq. 
Pa<vo t the Peacock, fabulous Hiftory of, 37. 
Pigafutt fabulous Hiftory of, 26. 
Peiin, Latitude of, 99. 

Point of the Compafs it bears upon from London % 100. 
Ptntnfulaiy 99. 
Ptriteci, 93. 

Per/eus and Andromeda, fabulous Hiftory of, 22. 
Pttcrjburgby Latitude of, 99. 
Pbatnix, fabulous Hiftory of, 39. 
Phenomena of the Moon accounted for 56, & feq. 

Of the Tranfit of Venus over the Sun, 142, & feq* 
Prfcest what gave Occafion for the Denomination of this 
Conftellation, 19. 
Poetical Hiftory of, ib. 
Pitcb-?ipc, in Mufic, the Rationale of, 396, 
Plant tar j Day, 309. 

PlanttSy their Orbits do not coincide with the Ecliptic, 63. 
Repre fenced on the cceleftial Globe, ib. 
To be meafured more accurately when diverted of their 

Radiance, 25S. 
The Quantities of Matter in any two, are in a Ratio of 
the periodical Times and Diftauces of the Satellites 
which revolve about them, 263. 
Platis. 

XXXIV. The cceleftial Globe, 42. 
XXXV. The Courfe of the folar Maculae over the Sun's 

Diflc, co. 
XXXVI. Of the Preceffion of the Equinox, 8r. 
XXX VI I. The cceleftial Globe rectified for the Age and 

Birth of He/sod, 86. 
XXXVIII. The folar Eclipfe April 1 , 1 764, reprefented by 
a new Apparatus of the teneftrial Globe, 1 26. 
XXXIX* A Diagram demonftrating the Nature of geo- 
graphical Maps and Projections, 131. 
XL* A new geographical Map or Chart of the At- 
lantic Ocean, with Part of the Continent of 
Europe* Africa, and Amtrtca, on the conical 
Projection, 140. 
XLT. The Tranfit of Venus over the Sun s Diflc, 1^4* 
XLII. An Apparatus adapted to the reflecting Tele- 
fcope, for (hewing the Tranfit of Venus, 160. 
XLIII. Different Forms of fingle Micro fcopes, 172. 
XL1V. Single, compound, and iolar Micro* copes, 196* 
X LV. Prifmaik Experiments^ a Camtra Ob/cmra, 202* 
XLVL A Plate of the Rainbow, 206. 



INDEX, 

XLVII. A Piste to illuftrate the Nature of refoaiag 

Tclefcopes in a C amir a Oi/imra, aafc 
XLVIII. The Nature of refleaing Telefcopes, 250. 
XLIX. The Beginning and Bad of thcEgrefs of Venn* 
from the four Diflt, 359. 
L. Optical Inftruments, 294. 
LI. The Nature of Vifion explained, 333. 
Lyrichord, 386. 

LII. A Di/TecYton of the Ear, 411. 
Polomo/cope defcribed, 232. 
Port Royal, in Jamaica, its Latitude, and Longitude from 

London, 99. 
Pnjbjt** or elderly People, Caufe of their Deficiency in 
Sight, 347. 
Mud make Ufe of a convex Glafs, ib. 
This Defedl of the Focus being at too great a Diftance, 
re pre fen ted in a Diagram, 352. 
Problems folved on the cceleftial Globe, 42* 

To find the Sun's Place in the Ecliptic, 43. 
The Con filiations above the Horizon at Noon, ik 
The Sun's Declination and right Afcenfion, 44. 
Time and Amplitude of riling and fetting, ib. 
To find his Altitude, 46. 
To (hew the Hours of the Day thereby, 47. 
To (hew the Sun's Azimuth, 48. 
To find the Moon's Orbit, 52. 
Her true Place in the Orbit, 53, 54. 
Her Latitude and Longitude 55. 
To (hew the Ufe of the Zodiac, /'/. 
The Declaration of the Moon, 56. 
The Harveft Moon, 57, 6c feq. 

To (hew each Planet's Place in the Ecliptic for any par- 
ticular Time, 62, 6c feq. 
To trace the Courfe of a Comet, 64, Sc feq. 
To (hew what Stars will be vifible any Hour of a Night 

given, 72. 
The Latitude of a Place and the Altitude of a Star being 

given, to find the Hour of the Night, 73. 
Solutions of, on the terreftrial Globe, 98. 
To find the Latitude of any given Place, ib. 
To find the Longitude, 99. 
Latitude and Longitude given, to find the Place on the 

Globe, 99. 
To find the Diftance between any two Places, 100. 
To find the Point of the Compafs on which any Place 
bears f;om Landon % ib. 
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To find all the Places of the fame Latitude and Longitude 

with a given Place, 101. 
To find al! thofe PJaces where it it Noon at any Hoar of 

the Djy, in a Place given, ib. 
When it is Noon at a Place given, to find what Hoar it is 

at any other Place, 102. 
For the Hour of the Day, in the Place where yoa are, t3 

find the Hoar in any other Place, ib. 
To find all Places in the Torrid Zone to which the San 

is vertical for any given Day, 103. 
To find the Midfammer-Diys for any given Place in the 

Torrid Zone, ib. 
To find thofe Places in the North Frigid Zone where the 

Sun begins to fhine conftantly, or without fetting, on 

any $iven Day, 104. 
To find the Place over which the San is vertical on any 

given Day and Hour, ior;. 
To find, for any given Day and Hour, thofe Placet 

where the Sun is then rifing or fecting, or in the Meri- 
dian ; alfo thofe Places which are enlightened, and 

thofe which are not, 106. 
To exhibit, in a general Manner, all thofe Places to 

which a folar or lunar Eclipfe is vifible, when the 

Time is known, ib. 
Exemplified in the Eclipfe of thefirftofyf/riV, 1764, 107. 
See Plate XXXVIII. 126. 
Promant tries, 95. 

RAINBOWS, their Diverfity of Colours explained by Ex- 
periments, 202 & feq. 

That one commonly called the Water-Gall accounted 
for, 204. 

Reprefented by an artificial Shower of Rain, 20c. 
See Plate XLVI. 206. 
Reading GUffcs, the magnifying Power accounted for, 3 19, 320. 

The proper Size for reading with both Eyes, 321. 

The elliptic Form preferable to a round one, ib. 
ReQifying the cosleftial Globe, Method of, 42. 
fttfieSing or Catoptric Tele (copes, 236. 

Their genuine Conftru&ion, 247. 

Ufe of their refpeaive Glafles, 248. 
Retina of the Eye, 334. 
River i, 97. 

SAGITTARIUS, the Meaning and Import of this Sign, 18. 
Fabulous Hiftory of, ib. 
Vol, II. F f 




fabulous Hiftory of, 17, 
dt in:, or optical Oftant j Nature and Theory ef, 

*■ 

i#l_ . r*i* fabulou* Hiftory of, *fc\ 
A atticil Dcfcription of, ^, 
.w^* the hiLlrucncnt of U/ama, made a CooilcMation, iS\ 
Day, 509. 

pfe in 1764 rcprcfcntcd by a Machine, \z6 m 
$*!§ Scale ut, its Appearance in the fi/Ur Micro fcopc, 

SeuxJi* the Nature of, 354* 

A mutual vibratory Motion of each Particle of Air tin 

Caufe of Sound in general, 356* 
The ptfcuflive Force or Stroke made upon the foooroaj 

Body coitfideredt M7» 
Proprriics of ibe Fu Jfes of Air f 3c,9» 
llluftratcd by a Comparifon betwixt them and the Wares 

of Watsr, fi* 
Circnmibnces whcicin the Waves of Water and Pallet of 
Air differ, 360 
Whether there is any Cnuformity in the Manner in which 

Light and Sound are propagated, 363* 
The aereal PuJfes fukjeft to a Reflect ion from a fixed 

Plane, from the fame Caufe as the Particles of Light, 

364. 
Inftruments may be formed for magnifying or dimiauV 

Sounds, 366. 
The wonderful Effect of the Whifpering Gallery of Su 

PauVs con fide red, 368. 
The Velocity of Sound, what it is found to be, ib* 
The Difference of the Velocity of Sound and Li^ht being 

ascertained, a Method is found to meafure the Height 

of a Cloud, 369. 
Of thofe Affections of Sounds called Notes or Tones, 370. 
What is meant by Concord and Difcord, 378. 
The Methods of producing different Sounds on Strings^ 

374- 
A Drinking glafs may be broke by ringing of }t, or 

raifing its Tone higher and higher, 379. 
Three Principles which in general caufe any Variation 

in the Notes of founding Bodies, 383. 
Stottyjen* the ancient, full of Impofturc and Nonfepfe, 4, 
§f>bire, right Pofition of, 89. 

Parallel and oblique, 50. 
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Stars, their Degrees of Magnitude, 9. 

A Table of the Number in each Clafs, 10. 

Some not reducible to any Conftellarion, 6. 

May have fouth Latitude and north Declination, 7 r. 

Their cofmical, acronical, and heliacal Rifing and Set- 
ting, ib. 

How much each Star moves forward in 72 Years, 7^. 

Thofe which are vifible in one Age become invifible in 
another, 76. 

Their Longitudes and Declinations conflantly altering, ib% 
Straits, 97. 
Swan, fabulous Hi (lory of, 28. 

TARANTULA, the Bite of, faid to be cured by Mufic, a 

vulgar Error, 402 • 
Taurus, fecond Sign in the Zodiac, 12. 

Why the ancient Aftronomers gave it this Name, ib. 
Fabulous Hiftory of, 12, & feq. 
Tettb and Palate, Inftruments of Speech, 409. 
TeU/cepe, the proper Import of the Word, 208. 
The Invention perhaps cafua), 210. 
Firft improved in the prefent Form by Galileo, 21 1, 
Of the Nature and Structure of his Telefcope, 212, 
The Rationale of this Inftrument in genera], ib. 
The magnifying Power accounted for, 213. 
Uluflrated by an Experiment, ib. 
Why the Glafles are put at each End of a Tube to fender 

them ufeful in the Form of a Telefcope, 216. 
Refracting 1 elefcopes, their various Structure and Ufes, 

219. 
The Opera Glafs, its Conftruclion and particular Pro- 
perties, 220. 
The exact Proportion of its magnifying Power (hewn by 

an Experiment, 221. 
Particulars to be obferved in regard to the Ufeof it, 222. 
A Defcription of the Per fpective Glafs and its Ufe, 223, 
The agronomical Telefcope, defigned for viewing the 

heavenly Bodies only, 224. 
Why the Images of Objects are inverted in the Object- 

Glafs, ib. 
The Sea or Night Telefcope, 225, 230. 
The different Form* of Day Telefcopes, 226. 
The Pofuion and Ufe of the feveral Glafles in fouf-glafled 

Telefcopes, ib. &feq. 
Five or fix-glafTed Telefcopes, 229. 
Tne Conftruction and Ufe of the Patent Telefcope, 32U 
Tne folar Telefcope, a Defcription of, 234* 
F f 2 
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The agreeable Effects thereof in {hearing the Spots of the 

Sun, and other carious Phenomena, 23 j. 
Reflecling or catoptric Telefcopct, the general Reaibn 

for their Invention, 236. 
The £rlt Account of this Invention given by Dr. Gre- 
gory, 237. 
Greatly improved by Sir Ifaac Ne<wt*n t ib. 
The great Excellency of a reflecting Telefcope, 238. 
The particular Manner in which Vifion is produced 

thereby, ib. 
The magnifying Power by Reflection proved by Experi- 
ment, 239. 
Ths reflecting Telefcope a compound Inftrument, 241. 
It magnifies as a Telefcope and as a Microfcope, 242. 
The microfcopic Power of magnifying in this Inftrumeot 

illuilrated by feveral Experiments, 243 & feq. 
The Effect of the Reflecting Telefcope produced partly 

by Reflection and partly by Refraction, 247. 
The Conduction thereof illuilrated by a Figure, ib. 
Binocular Telefcope, confiding of one of the refracticg, 

and the other of the reflecting Kind, 271. 
The Effect of this Inftrument very pleating, 273. 
Trachea) or Wind-pipe, 406. 
Trumpttj the Speaking, of great Ufe at Sea, 366. 
Analogous to a Magnifying Glafs in Optics, ib* 
CcnitruCtedin fuch a Manner as to magnify the Voice, 367. 
A Hearing Trumpet ufed by People who are very deaf, 
366. 
Twilight, reprefented on the cceleitial Globe, 48. 
Mow I'-ug on the ftiorteli l)-y, 49. 
To find the Length frr any Day, ib. 

VENUS, the Tranfit of over the Sun, and its various Phe- 
nomena, 142, Sc fcq. 

Ufe thereof in difcovering the Parallax of this Planet, ib. 

The Nature of a Parallax explained, 1 43. 

The Tranfit ot Venus in 17O1, 141, 1^4. 

Th'j Rationale of this great Pnarnomenon, 147. 

Kca.'ons why Dr. Hul'.iy appointed the diitant Places a- 
broad fur viewing this Tranfit, 149, 150. 

Illuilrated by a Diagram, 151, 154. 

Deicrption of a new iolar Apparatus, adapted to the re- 
f.eilir.g Telefcope, for flu- wing the Tranfit, 155, 156, 
16c. 

Experiments with this Apparatus, 157. 

Farther Particulars conc:rnirg the Tranfit of Vecos, in 



INDEX. 

The Time when the Planet touched the huu'tU fc i*»*- 

Dally, andalfo the external Contact, 257- 25V" 
The Diameter of Venn*, as it then appeared, /£. 
The Proportion thereof to that of the trim* *?£* 
This Placet, by Obfervations 00 tne7ranitt, foyntl tt/fc* 

one Half of itt former fnppofcd M*£*mui**, ><t* 
The Reaibn why aTranfit nappem isr t*t*h, *;y. 
Ufes to be made on the Oofcrvatiuii tatrrsof , zvs,- 
Some People fhppofr a haaellac awrfimg to* Vi*mtt+ 

a6*. 
Great Advantage* in Agronomy wank amfc fonn* a £**" 

uinty thereof, 265* 
Method of mewing aa artafeai Twan, 2*^ 
Toe Rationale of tnit cnzma;l'i 

Machinery, 367* 
Reaibas why fcwerad Mafeiafenai am; Jnr **| 
Parti of the V*vldig»fHjfovJie7<m*av: ^t 
/7rf£/, his Account of fry»*W* Ifle jtf ay jaanie a» 1^. 

latioa, 30- 
/V/#, the Virgin, ftn*TT ^rr /Vaa; amn r^ ta 
lataona, i|~ 

Fabnlons Hjnary ». jf^ 
/^feaw theKasnjrt£, ?^ 

Iflcfiaatd iy lawsrineTn- -^, 
The gtraiira/e jr j»j **^? V*£ rf». f^ # 
/Wr«, iuanaft, nr O^sih *i*r?t& + t. >%& 
L'rsmm, tannfaaf g&tbnr +f. -^ 
LV^i J£»«" amt S>> >£*»" /*&**•<■ -i; i-^ -1? -~ 
l/edb, 4&L 

Wmz* 9 xcx bvuex. Wit** +> + »-,*, -> .* ;*• 

Ligffe ;«Mnjr-irf'Uft% ^y>- 
JTU* £*£ saneaiav *** k+vm*i, * \ v . 



ZODIAC, ox tic casjefti* . <C"Of*. ; V> •, >^ ^ 

Os«e of the 2tr9cuirt«* flg „U? . is>*^ / , 
Z»i, 6r* ** mean, yc- 

Tse torrid, v*y fr cal#oC, j^, 

T»t> tea? per a te, one if. u*t *f*WUJ, (^ ^4^ ,-• . /" 
foathcrs Hrm'ifftifltc^ ^; # 

T«o frigid, «>-*. 
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